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SECTION  I 


INTRODUCTION 

katssl  % sr.’s?  je— a “ 

no  j«u^,^^,9i(iS2n2sr,iw,  p^^s.“hrofi'sz,s.  hFor!* Base' New  Mexic° 

miKi,e  firings  (8  November  ,974  lo  af  January  "975)  "9h'S  " SUPP°"  °f  l0T&E 

The  government  conducted  all  tests  associated  with  the  QF/PQM  109  rwtrn^t  c 
antenna  pattern  measurements,  and  determination  of  gyro  behavior  at  various o 

Devefopment°and  Test  cfn'teHADTCI 

,TJ”  >-  - S3? 

( '•  The  JTF  consisted  of  representation  from  AFSC  ADC  TAC  and  A^l  r ThD  a- 

Force  Contract  Management  Office  administered  the  contract  ai  Holloman  Air  fL  L 

Arizona.  SeC°''  dele9atlon  ,rom  Defense  Contract  Administration  Services  (DCAS),  Phoenix, 


SECTION  II 


BACKGROUND 


1.  INTRODUCTION 

The  purpose  of  this  technical  report  is  to  provide  a description  of  the  PQM-102  Target 
System;  data  on  engineering  development  conducted  at  Crestview,  Florida,  and  Holloman 
Air  Force  Base,  New  Mexico;  an  evaluation  of  the  target  system;  and  flight  test  data  on 
QF/PQM-102  record  flights  at  Holloman  Air  Force  Base. 

The  target  system  was  developed  for  the  Armament  Development  and  Test  Center 
ADTC),  Eglin  Air  Force  Base,  Florida,  by  Sperry  Flight  Systems,  Phoenix,  Arizona. 
Subcontractors  were  Vega  Precision  Laboratories,  Fairchild  Industries,  Hydro-Aire  Division 
o the  Crane  Company,  and  Hi-Shear  Corporation.  The  DT&E/IOT&E  program  consisted 
of  three  phases. 

Phase  I,  initial  engineering  development,  was  conducted  under  PQM-102  SPO  management 
at  Crestview,  Florida.  This  phase  primarily  involved  the  modification  of  three  basic  F-102 
aircraft  into  QF-102  test  beds  for  evaluation  of:  (1)  flight  worthiness  of  electronics  in  the 
Flight  Control  Stabilization  System  (FCSS);  (2)  aircraft/FCSS  interface;  (3)  premission  test 
stand  procedures  and  aircraft  interface;  (4)  ground  flight  test  procedures;  (5)  anti-skid  brake 
system;  and  (6)  visual  augmentation  (Smoke).  During  this  phase  23  engineering  test  flights 
were  conducted. 

Phase  II,  engineering  development,  was  conducted  at  Holloman  Air  Force  Base  during 
the  period  10  January  to  7 November  1974.  This  phase  was  continued  simultaneously 
with  the  Flight  Test  Program  (Phase  III).  The  Holloman  Air  Force  Base  engineering 
effort  required  73  additional  flights  for  further  refinement  and  evaluation  of  the  stub 
antenna  configuration,  backup  FCSS;  high  and  low  altitude  maneuver  programmers;  scoring 
(DIGIDOPS);  visual  augmentation  (Smoke);  and  upgraded  transponders.  A total  of  96 
engineering  flights  were  required.  The  flight  test  program  included  the  conduct  of  13 
QF-102  hands-off  reliability  flights  (7  before  the  first  QF-102  record  flight),  16  QF-102 
record  flights,  and  6 PQM-102  record  flights. 

Due  to  deficiencies  within  the  FCSS  portion  of  the  target  system,  three  additional 
record  flights  (two  QF/one  PQM)  were  needed  to  successfully  demonstrate  that  all  of 
the  Statement  of  Work  (SOW)  objectives  had  been  met.  Additionally,  other  flights  were 
flown  to  verify  the  existence  of  a reliable  full-up  target  system,  practice  pattern/profiles 
prior  to  record  flights,  and  satisfy  pilot  proficiency  and  functional  check  flight  requirements. 
Excluding  pilot  proficiency,  182  flights  were  flown  at  Holloman  Air  Force  Base  in  support 
of  the  DT&E/IOT&E  program  which  concluded  with  the  conduct  of  QF  Record  Flight  No. 
16  on  7 November  1974.  Between  8 November  1974  and  31  January  1975  an  additional 
32  flights  were  flown  to  support  the  follow-on  IOT&E  program.  .A  total  of  214  flights 
were  flown  in  support  of  DT&E/IOT&E. 


2. 


SIGNIFICANT  PROGRAM  EVENTS 


Contract  Awarded 

First  Engineering  Flight,  Crestview,  Florida  . . . j 
First  QF  Flight,  Holloman  Air  Force  Base,  New  Mexico 
Design  Review  II,  Holloman  Air  Force  Base 

Reliability  Flights  Started 

First  QF  Record  Flight 

White  Sands  Missile  Range  Demonstration  Flights  Started 

Reliability  Flights  Completed 

First  PQM  Record  Flight  (NULLO) 

Last  PQM  Record  NULLO/First  AIM  9-J  Firing 
Last  QF  Record  Flight  (DT&E  Completed) 

Last  NULLO 

ADC  Acceptance  of  QF/PQM-102  Target  System. 

3.  SYSTEM  DESCRIPTION 


31  March  1973 
27  September  1973 
10  January  1974 
29  March  1974 
2 July  1974 

29  July  1974 

30  July  1974 

6 August  1974 
13  August  1974 
26  September  1974 

7 November  1974 

31  January  1975 
1 April  1975 


ft  ^ QF/PQM‘102  Tar9et  System  was  developed  to  fulfill  the  need  for  a full-scale 
comnonentv  1!^?'  SUperSonic  aerial  target.  It  is  composed  of  three  basic  ' 
th  m h i r the  d^one.  sVsJem  consisting  of  a droned  version  of  the  F-102  aircraft' 

hi  F H°r  ^ Sta!'°n  (MGS>  which  launches  and  recovers  the  drone  and  (3) 

the  Fixed  Ground  Station  (FGS)  which  controls  the  target  (Figures  1 and  2)'  Addi 

tionally,  the  system  includes  six  items  of  peculiar  Aerospace  Ground  Equipment ^AGE). 


a.  The  Target  System 


102  ThihpnM  J of  two  tVPes  of  flight  vehicles:  The  PQM -102  and  the  QF- 

102.  The  PQM -102  is  the  unmanned  version.  Once  an  F-102  is  converted  to  a PQM-102 
1 becomes  de-manrated  and  is  no  longer  used  with  a pilot  unless  it  is  re-manrated  for 
errymg  purposes.  The  QF-102  is  a manned  version  of  the  PQM-102  and  is  used  for 

and  — - — 


Flight  Control  Stabilization  System  (FCSS) 
Airborne  Command/Control  and  Telemetry  System 
DIGIDOPS  Scoring  System 
Anti-Skid  Brakes 

Smoke  Visual  Augmentation  System 
Destruct  System  (PQM-102  only) 

Various  Antennas  (DIGIDOPS  and  Telemetry) 

b.  Mobile  Ground  Station  (MGS) 


The  MGS  is  a redundant  self-contained  mobile  control  facility  used  for  launch/ 
ecovery  Jt  consists  of  two  control  consoles,  UHF  and  VHF  communions  encodl 
and  decoding  equipment,  and  a CPR  4010  tape  recorder  Its  nrimarw  encodin? 
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Figure  3.  QF-102  Landing  (with  Mobile  Ground  Station) 


Figure  4.  Mobile  Ground  Station 
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C.  Fixed  Ground  Station  (FGS) 

console,  UHF  and  VH F^mmunfcations^  enSdinTand  d C°,mposed  of  a dual  unit  control 
initiation  and  telemetry  reception,  a monitor  tes^set  ^n  Tr" 1800^™"*  Command 
format  converters/modems  for  transmit™  nf  * 800  tape  recorder,  and 

The  FGS  is  completely  redundant  aL  LTs  IT™,  'l°m  Ki"9  1 ,0  R 122/123. 

16  (200  miles)  (Figures  5 and  6).  9 ™ted  bv  the  power  °*  the  AN/FPS- 

4.  qf/pqm  peculiar  subsystems 

a.  Flight  Control  Stabilization  System  (FCSS) 

pallet  is!n»aMeTin^“tXen«Vh^Z^lleJ  !Fi»T  7)'  ,he  QF102.  the 
FCSS  by  either  the  command  and  control  system°orPfromC°m,,’and|S  1)6  9'ven  to  thc 

panel  installed  in  the  cockoit  Thk  lattor  V !6m  °r  f °m  3 special  remote  control  data 
MGS  and  FGS  and  is  u*d  for  Ln  ml  Tmb'K  the  con,ro1  “"soles  in  the 

«on,hoe,  tns  "t  ^ : p“ 'zrtHA  sr 

number,  and  wlibrated  ^rTpeed.'  tt^so  awepte ' bar°metric  altitude-  Mach 
airspeed  hold,  and  altitude  hold,  and"^^^  ^ 

necessary 'to  eng^^  C0"tai"s  and  control  circuitry 

mquired"313  Pr°CeSS  UP,ink  3nd  d0Wn,if*  to'deLct'Th^aV^nT^ 

the  backup  auto-pilot1  plus6  th^ rc u i t r ^reauTmri P t — ?■  maneuver  Pro9rammer  contains 
programmable  maneuvers  are  combinations  of  g (-T  to  X blnf  ^ ?°mmands‘  The 
and  airspeed  commands  (250  to  650  knots)  as  a function  of  k 3?9  6 ° m°  +18°  degrees)' 
The  four  programmable  maneuvers  are  obtainahlp  in  °f  p^eset  t,me  ^ t0  99  seconds), 

single-phase  maneuvers.  a„  T^T~’  °'  "" ° ' 

(Army  pSw-I^T'o^tV * TcaZTZ  [TT'ih  ^ '°W  a"i,Ude  maneuver  P^emmer 

maneuvers  (two  basic  maneuvers  and  one  low  altitude"  ^neuteT^ 

altitude  maneuvers  can  be  selected  from  Pi,h„r  h maneuver).  The  programmable  low 

radar  altitude  (0  to  2000  feet)  for  the  nre^nt  baromatr,c  altltuda  (0  to  10,000  feet)  or 

of  Mach  number  (0  to  1)  pitch  up  attitude  10  tn° fin S' tUde  ,refereJnce'  with  a combination 
seconds)  (Figure  8).  P P tt,tUde  (°  t0  60  degrees>«  and  preset  time  (0  to  99 


*V- 


■■ 

■■ 

Figure  7.  PQM-102  Pallet  (LEROI) 


L°w  Alt  Standard 

Figure  8.  Maneuver  Programmers 
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b.  Backup  Power  System  (FGS/MGS/PQM) 

The  FGS  is  powered  by  several  electrical  power  sources.  Each  console  contains 
several  power  supplies  dependent  on  commercial  115-volt  AC,  60-cycle  power.  In  addi- 
tion, two  28-volt  DC  and  115-volt  AC,  400-cycle  sources  are  required. 

The  MGS  contains  two  independent  gasoline-powered  generator  systems  (6.5  kw) 
which  provide  115-volt  AC,  60-cycle  power,  115-volt  AC,  400-cycle  power,  and  28-volt 
DC  power.  Automatic/manual  switchover  is  provided  with  ability  to  provide  adequate 
power  for  continuous  operation  of  all  critical  command-control  equipment. 

The  PQM-102  aircraft  contains  two  lead-acid,  24-volt,  36-ampere-hour  batteries 
in  addition  to  the  basic  F-102  backup  power  systems.  The  added  batteries  provide  a 
capability  to  recover  the  target  in  the  event  complete  AC  and  DC  power  fails. 

c.  DIGIDOPS  Scoring  System 

The  DIGIDOPS  (Digital  Doppler  Scoring)  system  is  used  to  provide  a digitized, 
scalar  miss-distance  for  missiles  fired  at  the  PQM-102  aircraft.  The  system  consists  of 
two  basic  subsystems,  a narrow  pulse  doppler  radar  system  (on  1775  MHz)  and  a UHF 
telemetry  system  (1435  to  1540  MHz).  Four  aircraft  antennas  are  used  on  the  radar 
system  and  a dual  antenna  is  used  on  the  telemetry  system.  The  radar  system,  which 
transmits  RF  energy  and  measures  the  resulting  doppler  frequency  shift  of  the  energy 
reflected  from  the  fired  missile,  provides  miss- distances  in  5-foot  steps  from  0 to  100 
feet  and  in  10-foot  steps  from  100  to  200  feet.  The  miss-distance  information  is 
transmitted  to  ground  receiving  equipment  via  the  aircraft  UHF  telemetry  transmitter. 
On-board  telemetry  recording  is  not  provided  (Figure  9). 

d.  Anti-Skid  Brake  System 

In  order  to  obtain  satisfactory  braking  action  on  the  PQM-102  aircraft,  the 
basic  F-102  brake  system  had  to  be  modified.  Additions  included  wheel  speed  trans- 
ducers, solenoid  shut-off  valves,  brake  relay  valves,  a servo  valve,  and  a control  box 
containing  electronic  circuitry.  Braking  action  is  accomplished  by  the  initiation  of 
the  brakes-on  command  via  the  normal  command  system.  The  system  applies  the 
wheel  brakes  in  a manner  which  slows  the  aircraft  at  a constant  rate  of  deceleration 
while  continually  compensating  for  any  erratic  rates  of  deceleration  (skids)  after  touch- 
down. Stopping  distances  utilizing  this  system  are  typically  shorter  than  that  obtained 
by  manual  braking  action.  While  each  wheel  individually  senses  changes  in  deceleration 
rates,  a composite  command  is  sent  to  both  brakes  to  provide  proper  braking.  The 
system  does  not  compensate  for  small  variations  in  braking  effectiveness  of  the  individual 
brakes,  and  minor  steering  corrections  (via  command  system)  are  required  to  maintain  a 
constant  heading. 

e.  Visual  Augmentation  (Smoke)  System 

The  generation  system  is  installed  in  the  QF/PQM-102A.  The  system  consists 
of  a 50-gallon  oil  storage  tank  (tank  assembly),  cradle  assembly,  hydraulic  pump,  shut- 
off valves,  vent  valves,  check  valves,  drain  valves,  nozzle  assemblies,  associated  piumbing, 
and  electrical  system  (Figure  10).  (Note:  Oil  capacity  for  the  Smoke  System  in 

production  PQM-102  aircraft  is  28  gallons.) 
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f.  Destruct  System 


The  destruct  system,  used  to  terminate  aircraft  flight  when  control  of  the  PQM 
is  lost  consists  of  two  independent  methods  of  destruct.  One  method,  called  maneuver 
destruct,  is  accomplished  via  the  command  system  by  executing  the  HOLD-TO-ARM 
ARM,  and  MANEUVER  DESTRUCT  commands.  This  causes  a Jard-over.  pitch 'down 

1M0UfPrt  Ar.'SH  15  .pr°P°Sed,  ,or  USe  0n,V  when  the  aircraft  altitude  is  below 

1500  feet  AGL  during  takeoff  and  landing  approach.  The  other  method,  called  explo- 
sive destruct,  consists  of  a Mark  48  warhead  (explosive  charge),  a warhead  adapter 
assembly,  two  exploding  br.dgewire  detonators  (EBW),  one  high  energy  firing  unit  (HEFU) 
one  key  switch  assembly,  one  weight-on-gear  (WOG)  relay,  one  UHF  command  destruct 

ThP  pvnin  H9  r:nna'  0ne  2rZ°'X  DC  ni‘cad  battery<  and  related  wiring  harnesses, 
i V‘P0SIW  destruct  ls  accomplished  by  any  of  the  command  or  automatic  means 
listed  below: 


(1)  Command  Destruct.  Execution  of  the  HOLD-TO-ARM,  ARM,  and  DESTRUCT 
command  sequences  on  the  system  processes  signals  through  the  FCSS  IFC  which  in  turn 
supplies  28-volt  DC  (from  either  the  destruct  battery  or  aircraft  battery)  through  the  WOG 
and  key  switch  to  the  HEFU.  The  voltage  is  only  applied  to  the  HEFU  when  the  key 
switch  is  in  the  arm  position  and  the  aircraft  has  weight-off-gear.  If  the  command  se- 

SSJ*  '*  exechutad.m  proper  order,  the  HEFU  converts  the  28  volts  to  approximately 
2000  volts,  which  is  in  turn  applied  to  the  EBW.  Also,  destruct  arm  telemetry  is  re-  V 

qu'em  destT  :t  Activati°n  °f  the  EBW  initiates  the  explosive  chain  and  subse- 


i ■ <2)  UHF  Command  Destruct.  When  the  UHF  command  receiver  is  powered  ON 

via3  the6  UHaFC0HpSR?n>Pt°mmtand  sys;em)  axeGl]tion  of  the  ARM  and  DESTRUCT  commands 
via  the  UHF  destruct  system  applies  28  volts  to  the  HEFU  independent  of  the  beacons- 

on  command  system  and  the  IFC.  Destruct  action  takes  place  as  previously  described. 


iail  th(3)f  ..F!'lsafe-  Tha  targat  ,s  also  quipped  with  a commandable  failsafe  system. 
When  the  failsafe  mode  is  ON  the  fast  destruct  timer  (preset  1 to  30  seconds)  is 
automatically  activated  in  the  event  of  loss  of  carrier  (LOC)  or  loss  of  all  DC  or  AC 


(4)  Orbit  Maneuver.  A preprogrammed  climbout/orbit  maneuver  is  initiated  after 
1.5  seconds  m the  event  of  uplink  LOC.  If  the  failsafe  mode  is  OFF,  the  orbit  maneu- 
ver is  continued  until  expiration  of  the  1 to  15  minute  time  (preset),  at  which  time  the 
arget  self-destructs.  A ground  abort  program  is  initiated  which  shuts  the  aircraft  down 
ground'*8  ^ 6XP  °S'Ve  destruct  if  the  aircraft  should  experience  LOC  while  on  the 


g.  Command  Control/Telemetry  System 


th  t ™ Command  Control/Telemetry  System  provides  for  positive  flight  control  of 
the  target  system  for  all  flight  regimes  from  takeoff  to  200  nautical  miles  distance  and 
recovery.  The  Command  Control/Telemetry  System  consists  primarily  of  three  main 

nF/Pm/i  ?noUnd  Stxtl0nSJ (?ne  mobile  and  one  fixed)  and  the  airborne  equipment 
the  QF/PQM-102  aircraft.  Only  the  airborne  portion  of  the  Command  Control/Telem- 
etry System  is  described  herein  since  the  MGS  and  FGS  were  described  earlier.  The 
major  components  and  a brief  functional  description  of  each  are  as  follows: 
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(1)  Radar  Transponder.  Two  radar  transponders  (Type  308C-8)  are  employed. 

One  is  located  in  the  vertical  fin  and  the  other  is  located  in  the  armament  bay.  Their 
function  is  to  receive  RF  pulses  and  to  provide  video  pulses  to  the  interrogation  decoder. 
In  addition,  they  accept  coded  pulse  groups  from  the  data  encoder  and  transmit  RF  pulse 
groups. 

(2)  Directional  Coupler.  Two  directional  couplers  are  utilized.  One  is  located 
in  the  vertical  fin  and  the  other  is  located  in  the  armament  bay.  They  provide  for 
sampling  of  microwave  energy.  These  units  preclude  the  continuous  connection  and/or 
disconnecting  of  transponder  cables  during  test  checkout. 


*3)  Antenna  Switch.  The  antenna  switch  is  located  in  the  armament  bay. 

The  switrn  automatically  selects  one  of  two  antenna  systems  which  provide  interrogations. 


(4)  Interrogation  Decoder.  The  interrogation  decoders  (two)  are  located  in  the 
pallet.  The  decoders  accept  video  pulse  groups  from  the  transponder  from  which  it 
derives  command  information  for  application  to  the  FCSS  IFC  and/or  data  encoder. 

(5)  Data  Encoder.  The  data  encoders  (two)  are  located  in  the  pallet.  The 
encoders  accept  information  from  the  FCSS  IFC  and/or  interrogation  decoder  and  assemble 
the  information  into  coded  pulse  groups  for  application. 

(6)  PRF  Generator.  The  PRF  generator  is  located  in  the  pallet.  It  generates 
internal  PRF  to  trigger  the  data  encoder  if  enabled  by  a signal  from  the  FCSS  IFC. 

I 

(7)  Antennas.  One  antenna  is  located  on  the  fin  and  two  antennas  (upper 
and  lower  aft)  receive  and  transmit  coded  RF  pulse  groups  from  and  to  the  ground 
stations. 


5.  QF/PQM-102  PECULIAR  AEROSPACE  GROUND  EQUIPMENT  (AGE) 

a.  System  Test  Bench  (STB) 


The  STB  provides  the  capability  to  test  the  QF/PQM-102  FCSS  components 
connected  together  as  a system  and  to  test  each  line  replaceable  unit  (LRU)  independ- 
ently. On  a system  basis  the  STB  is  designed  to  isolate  a fault  to  a LRU  and  on 
a component  basis  permits  fault  isolation  to  a replaceable  subassembly  within  a LRU 
(Figure  11). 

b.  Premission  Test  Stand  (PMTS) 

The  PMTS  consists  of  a mobile  (trailer-mounted)  unit  to  house  all  the  equip- 
ment and  is  electrically  connected  to  the  aircraft  by  five  40-foot  cable  assemblies.  A 
comprehensive  test  procedure  is  followed  to  evaluate  each  of  the  aircraft  subsystems 
after  connecting  the  PMTS  to  the  aircraft  under  test  (Figure  12). 

c.  Engine  Control  Unit  (ECU) 


The  ECU  is  a portable  test  set  which,  in  conjunction  with  the  MD-3  power 
cart  and  MC-11  air  compressor,  provides  the  capability  of  remotely  starting  the  QF/PQM- 
102  engine  and  evaluating  its  performance  to  ensure  proper  operation  prior  to  flight. 
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Figure  11.  System  Test  Bench 


Figure  12.  Premission  Test  Stand 
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i he  functional  characteristics  of  the  ECU  consist  of  engine  performance  monitoring 
start  control  ignition  control,  throttle  control,  AC/DC  power  monitoring,  failure  warning 
indication,  and  auxiliary  control  elements.  No  external  power  is  required  for  the  ECU 
as  all  power  is  derived  from  the  aircraft  (Figure  13). 

d.  Brake  Control  Test  Set 

tnn  t|The  tfakf  ^°nt|01  t6St  S6t  'S  3 self-contained  unit  which,  when  used  in  conjunc- 
tion with  a standard  voltmeter,  permits  the  operator  to  test  the  QF/PQM-102  aircraft 

anti  skid  brake  control  system.  It  is  rack  mounted  in  the  PMTS  to  support  premission 

m ih l c^h  maVt  b?  rTVed  t0  m'a,rcraft  testin9-  The  test  set  is  electrically  connected 
to  the  skid  control  system  test  connector  and  simulates  all  aircraft  inputs  as  well  as 
providing  a readout  for  all  system  parameters  (Figure  14). 

e.  Radar  Simulator 

The  radar  simulator  (Model  616C-4B)  is  a portable  C-band  test  set  for  testina 

Ihe  Mrs^ir  °f  h°th  t',le.QF/hPQM-102  airb°r"e  command  and  telemetry  system  and 
the  MGS  It  may  be  used  in  the  open  loop  mode  through  an  antenna  for  the  purpose 

qualitative  checkout,  in  the  closed  loop  mode  via  a directional  coupler  or  directlv 
connected  for  a more  accurate  quantitative  measurement  of  the  RF  of  either  the  air 
borne  system  or  the  MGS.  The  radar  simulator  measures  transmitter  frequency  power 

m th  W , ' . reCe’Ver  frequencV  and  sensitivity.  A double-pulse  code  is  provided 

to  test  the  pulse  code  spacing  of  the  airborne  transponder  and  the  MGS.  External 
connections  are  also  provided  to  permit  the  insertion  of  command  pulses  and  to  provide 
data  readout  capability  (Figure  15).  M 

f.  Target  Group  Simulator 

nut  th  Lr<taT  9r°,UP  Simulat°r  (Model  663  2)  is  3 Portable  test  set  used  to  check- 
out the  MGS.  It  replies  to  radar  interrogations  from  the  MGS  by  simulating  downlink 

data  from  the  airborne  portion  of  the  command  telemetry  system,  k may  be  used 

via  RF  coupling  to  check  altitude  readout,  range  tracking,  azimuth  tracking,  range  read- 

out, code  spacing,  system  delay,  and  eight  data  channels.  It  may  be  hard  wired  by- 

PRgure  16)  SeCt,°"  ^ '°9'C  t6StS  the  digital  portion  of  the  system 


SECTION  III 


DT&E/IOT&E  PROGRAM 


1.  INTRODUCTION 

The  purpose  of  the  DT&E/IOT&E  program  was  to  demonstrate  and  evaluate  the 
feasibility  of  converting  surplus  F-102  aircraft  to  no.vmanrated  PQM  targets  and  the 
contractors  capability  to  operate  and  maintain  the  PQM-102  target  and  peculiar  equip- 
ment on  a continuous  basis  in  an  operational  environment. 

In  accordance  with  the  plan,  three  F-102  aircraft  were  converted  to  QF-102  man- 
rated targets  at  Crestview,  Florida,  to  support  the  contractor's  development  engineering, 
systems  interface,  and  initial  flight  performance  objectives.  Provisional  acceptance  of 
ne  three  QF-102  aircraft  was  accomplished  by  the  PQM-102  SPO  prior  to  ferrying  by 
the  contractor  to  the  government  test  site  at  Holloman  Air  Force  Base.  One  of  the 
three  QF-102  aircraft  (FAD  601)  was  converted  to  a non-manrated  target  at  Holloman 
Air  Force  Base  and  was  flown  successfully  against  AIM-9J  and  AIM-9L  missile  firings 
during  January  1975. 

Five  additional  F-102  aircraft  were  converted  to  PQM-102  targets  at  Crestview  (two 
were  option  vehicles  purchased  by  the  Army  for  their  Stinger  Missile  Program).  The 
PQM  102  targets  contain  subsystems  identical  to  the  QF-102  and  certain  design  changes. 
Provisional  acceptance  was  performed  by  the  PQM-102  SPO  and  consisted  of  ground 
tests  by  the  contractor  utilizing  peculiar  ground  checkout  equipment.  These  five  PQM- 
102  targets  were  ferried  to  Holloman  Air  Force  Base  by  the  contractor  for  final  re- 
configuration to  pure  PQM-102  targets. 

The  program  was  originally  planned  to  be  completed  by  January  1974.  However, 
due  to  unforeseen  technical  delays  and  an  ambitious  schedule,  the  program  was  not 
completed  until  November  1974.  The  program,  as  it  related  to  milestones,  initial 
engineering  (Phase  I)  at  Crestview,  engineering  development  (Phase  II)  and  flight  test 
program  (Phase  III)  at  Holloman  Air  Force  Base,  together  with  the  test  objectives, 
methodology,  and  flight  test  profiles,  is  outlined  in  the  remainder  of  this  section. 

2.  MILESTONES  - SCHEDULED  VERSUS  ACTUAL 

a.  Initial  Program  Milestones 

A contract  was  awarded  on  31  March  1973  to  develop  and  flight  test  the 
PQM-102  Target  System  for  use  as  an  afterburning  target.  Individual  engineering 
assignments  were  established  by  2 April  1973  and  work  was  begun  to  establish  the 
system  configuration  in  compliance  with  the  contract. 

The  prime  contractor  was  responsible  for  the  development  of  the  entire  system. 
The  prime  contractor's  activity  in  brief  terms  included  the  design  and  development  of 
the  FCSS;  development  of  peculiar  AGE,  including  PMTS,  ECU,  and  STB  for  testing 
of  the  entire  target  vehicle;  management  of  the  overall  program  and  administering  of 
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maJor  selected  subcontractors,  including  procurement  of  the  guidance  eouiDment-  anH 

rPOMlM^^^^l^conturat'or  FT'°2A  airera,t  >°  ■ “HquU,  3)'  and 
for  operating  the  vehicle  to  mee,  the  7 ^sEr** 

atrcraf,  the ' LetopSa, ‘STS*  '"ph^'T1"8 

struct  system  components  for  the  QF/PQM-102  targets.  V ' th  de' 

= —s  ~==  » 

Tps&rxs.  s sst£  «“5*5 

near  that  ,,  'UZ)'  and  MGS  were  a|so  scheduled  to  be  completed 

a^rcLracrS 

NULLOCfligBhtS *se  “VVaT  R&Dn,ip™  “ °'  ^'^dng'aS  ^emo^tS 

D program  completion  was  scheduled  for  mid-June  1974. 
b.  Program  Milestone  Summary 

realistic  ^tntegrahon*  of^th^  varted^and  £££  i&" ^^“,5 

required  more  time  than  originally  anticipated.  However  the  fi  s,  NULm  1 
fully  completed  on  ,3  August  ,974.  J than  ,8 

?otws  ma,°r  Unmm^  ««*»•  •«  Paused  schedule  delays  are  itemized  as 
lb;t0rmally  lon9  lead  times  were  encountered  on  many  standard 

TZ  Sod  “ S,a'e  °*  e'CC,r0niCS  induS,fV  <^"9 

• The  PQM-102  SPO  and  the  prime  contractor  had  continuous  problems 

fliahhT"9  rS  °cthe  destruct  sVstem  and  approval  to  fly  NULLO 
flights  from  the  White  Sands  Missile  Range,  Range  Safety  Office  This 

resulted  in  a considerable  delay  in  the  scheduling  of  the  first  NULLO. 

• Several  design  changes  that  were  made  as  a result  of  Design  Review 
No.  1 caused  some  delay  in  the  initial  development  stages. 

• datflhP  ntlrhme  ,W3S  K,l0Wed  J"  the  initial  Pro9ram  schedule  to  accommo- 

the  technical  problems  that  are  itemized  in  paragraph  4.c  of  this 

S Sisti^0F  i™PlHE?VdTUliC  E'|V°,n  PaCkage  (HEP)  va,ve  ,0Ck0Ut  of 

existing  F-102A  HEP  valves  resulted  in  significant  delays. 
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duHnfFeL7uPa0rvd1974a  Spbcon,rac,°r's  lasted  .wo  weeks 

auring  February  1974.  This  complete  work  stoppaqe  had  far 

reaching  effects  that  considerably  impacted  the  overall  schedule. 

Ground  checkout  of  the  aircraft  prior  to  a mission  was  found  to 
ta  e more  time  than  originally  anticipated.  This  was  due  to  the 
high  degree  of  confidence  that  the  test  must  nrnuirie  n 

rnTS,hhiS  “nfidence  W3S  Pr°',ided  bV  t"aans  of  inflight 

been  very  successful  in  providing  the  degree  of tn^1lcSr5 
for  the  oomanned  PQM-102  aircraft  concept,  future 
where  the  vehicle  is  totally  unmanned  should  consider  a more  auto 
mated  method  of  premission  test  during  initial  design  s«gTs 

• Additional  work  scopes  were  added  during  the  program  ea  the 
low  almude  modification  and  destruct  system  redesign  ' These 
additional  requirements  extended  the  total  program  lengths 


3.  ENGINEERING  DEVELOPMENT  PHASE  I 


a.  Initial  Design  Requirements 

Flight  Contro^and  llab^^SySm  S a"d  *«ni.lon  of  the 

Aerospace  Ground  Eauiomen  IACF  a I 1 Command  and  Control  System, 

to  be” designed  *to  h^qS^TS^O "SJ  T7  7" 

these  subsystems  are  discussed  briefly  in  r^latioTm  ^1^ °f 

(1)  Flight  Control  and  Stabilization  System  (CCSS1  Tho  nrcc 
to  provide  automatic  control  and  stabilization  of  u,e  QF  102  and  die PQM  1 ^ 
system  in  response  to  remote  commands  or  in  the  event  of  a loss  nf  * V ^ 
and  control.  The  FCSS  was  designed  to  provide : command 

• Automatic  takeoff  program 

• Automatic  runway  takeoff  abort  routines 

inUt.rTyt,ProfTm°rre“Ver  7 aircra,t  ,rom  unusual  attitudes 
event  of  a LOC  or  completion  of  maneuver 

• uL°C  pro?rams  t0  P,ace  the  vehicle  at  safe  attitudes 

t udes  thrust  settings,  and  airspeeds  depending  on  the  orienta- 
tion of  the  vehicle  at  the  time  of  LOC 

• A command  destruct  maneuver 

• A remote  command  and  failsafe  explosive  destruct  capability 

• A capability  for  automatic  maneuver  presentations 


#• 


Proportional  data  for  telemetry  purposes 


* of°tkheP  S'St  ^ f,U8,°rS  that  allowed.  control 

primary  FCSS  electronics' 'failure.3  ^r^r^Mhe  re®  design 

zr’sarr  z xts  ,rv^,Tirem^  s 

ments^were:  S°™  ~ 

* Ih'„,°"  a'tltlJde  hold  reQu'rements  were  found  to  require 
prewntations  mte9ralor  <•»  high  performance  rnLuler 

’ fc  Jhh^^T  f°r  at'aini"9  69  in  ,our  *®>nds  required 
the  addition  of  a g error  integrator  to  achieve  the  g rapidly 

coupled  with  a rate  limit  on  the  command  to  prevent  over 
shooting  of  the  g-setting.  (Other  design  problems  are  dis- 
cussed  in  paragraph  4.  of  this  section.) 

modes  of^perS  a^ito^DrZ  " ^ °"e  due  t0  the  numerous 

evaluate  the  need  for  each  of  the  modes™  H UtUre  ^r°9rams  maV  want  to  closely 
straint  was  the  design  schedule  requirement.  °WeVer'  ^ m°St  S'9nificant  desi9"  con 

?r;c£?jTbS 

z W - 

with  the  existing  FPS-16  radar  system  Transfer  nf  V J ™as  required  to  interface 
-mobile  stations  was  to  be  EM.1  MST  ££ ^ 


control  system VSifiS  ZL™ /'?  ^P^noentation  of  a command  an 
experienced  with  multipath  durinn  the  VP™en  des,9^s;  h°wever,  some  problems  wei 
discussed  in  paragraph  °'  ,hC  Pr°9™  l,his  is 

developerS3LdteThTsaCceo„°rt"d  EqUiPmen‘  ThC  ,0,lowi"9  peculiar  AGE  wan 


• System  Test  Bench  (STB),  SPN  4015239 

• Premission  Test  Stand  (PMTS),  SPN  4015240 

• Brake  Control  System  Test  Set,  SPN  4019261 

• Engine  Control  Unit  (ECU),  SPN  4015238 

• Radar  Simulator,  SPN  4019263-901 
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undertaken^  .o^ccotp^^fonow^'  ^ modi,ication  <**on  analysis  was 

• Removal  of  unnecessary  equipment 

• Installation  of  new  hardware  (electronics  gear,  control  actuators 
System,  andlmS  SjSS,  Wiri"9  modificatio^  Explosive  Destruct 


Structural  integrity  stess  analysis 
Electrical  load  analysis 
b.  Modification  of  the  F-102A  Aircraft 

QF/PQM-102  Tarq^ S^stem^ °tnnk0r  i^6  moddication  of  the  F-102A  aircraft  into  the 
information  used  to  coo^Zate^e  dSon'w^  “"fn  MaV  ? ,973'  Engineering 

s - rszr  r sr.  s r ™ ' “^ca, 

the  FCSS  pallet.  y the  aircraft  to  properly  interface  with 

modSnonPed«?gn,°  Smajor  Tea^ofS  S*™  a"d 

brake  con,rai  sys,r  srr 

. Jhef  Pa^ef  anb  pallet  installation  were  designed  at  the  same  time  in  tho  ^ 
phase;  therefore,  all  changes  to  the  pallet  had  to  he  kent  1 l ™ • H desigr 

When  the  first  pallet  sheet  metal  «/«  3CC  ui  ^ • ' kept  t0  an  abs°lute  minimum, 
for  a fit  check  in  the  a“reraft  Thk  ^ ^ t0  the  sub^ntractor  site 

1*973 *when 

fied  aircraft  were  interfaced.  'V  assembled  pallet  and  modi- 


throttle  installation.  ° Sincere  'thVotSeTnka*911  preSented  ,no  problems  except  for  the 
the  throttle  lever  to  the  engine  a S ho?  a"  T'?*1  CablC  ITele,lex,  ,rom 
senro  actuator  to  the  throtTSsmrS  ^ " ,0  b'  USed  ,0  in,af,ace  the 

to  contro?e«1e°in,re°rf*eakoef  eTulpmim  ^ to  SSS"  ."T9  S'*9"  PhaSe 
modate  the  brake  components.  dad  t0  de  mob|f,eb  to  accon 

the  interface  Sen  SSaft ' a^  FCSs'  TnTT'  ,,WO,°ld-  Fir*  ^ning 
the  capability  to  actuate  thTfhnht  ennr  ? tC ’ provlde  a'rcraft  sensor  information  and 

the  aircraft  electrical  power  distribution  s 
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SU’NjT^ZT.nt  3S  3 r6SU"  °'  DeSi9n 

Th= 

to  provide  enough  strength  to  withstand  tf  e 8g  PQM-102  aircraft  mission  requirements. 

The  evolvement  of  the  Group  A acctotance  testing  philosophy  and  test  proce- 
dures was  critical  to  the  overall  PQM-102  Target  System  concept  This  test  checks 
each  wire  that  was  added  or  changed  by  the  aircraft  modification  for  proper  continuity 

prior  ,o  ullnaTfl'ight  SVS,emS  ”*  fU"C,i°na"V  ’eS'ed  '°  propar  °pe™ion 

c.  Subsystem  Integration  and  Checkout 


that  The  exter|t  of  installation,  ground  testing,  AGE  verification,  and  flight  tests 
that  were  accomplished  at  the  subcontractor's  facility  (Crestview)  were  as  follows: 

(1)  AGE  Usage,  Installation  Procedures,  and  Ground  Test  Validation  Three 

-f  nr  mV°  V6h  m gr0Und  testing  at  Crestview-  Two  aircraft  (FAD  601  and 
FAD  602)  were  used  as  the  primary  test  bed  vehicles  for  the  flight  control  and  sta 

third  ai"cX?AD  603),he  Sm°ke  a"d  ^ “n,r0'  SVS,emS  wara  e“alua,ed  °"  >ha 

Aircraft  modifications  were  tested  by  the  subcontractor  in  accordance  with 
fe'r,  rOUP  A rpLplanu  Installation  of  FCSS  hardware  and  subsequent  ground  testinq 

tmrln  ' VanOUSHFCSS  subsystems  was  accomplished  in  accordance  with  the  Time  con- 
tractors ground  test  engineering  bulletin.  This  procedure  formed  the  basisTr  FCSS 
integration  and  premission  testing  since  the  premission  test  procedure  had  not  been 

Tb,  mVthe  PMTSed  £,*!!,  timJ  The  °f  a"  ™ing  ™ -om^ed*" 

Of  this  peL Tf  ACE  AH^-t  I3  COn,tl1nUOUS  and  thorou9h  evaluation  of  the  usage 
OT  this  piece  of  AGE.  Additional  capability  was  added  to  this  piece  of  AGE  durinn 

the  course  of  evaluation  by  means  of  addition  of  test  points  within  the  FCSS  circuitry 
had*  be^  vaSeS.r°CedUre  ““  S,reamlined  31  3 'a,er  da,e  when  ,he  PMT=  Procedure  ' 

nanah’i'f  uTu!  STB-  provided  an  additional  means  for  system  integration  and  checkout 
capability.  While  testing  was  being  accomplished  on  the  aircraft,  additional  subsystems 
couid  be  checked  and  interfaced  on  the  system  bench.  This  capability  was  extensively 
utilized  in  the  checkout  of  the  maneuver  programmer  and  backup  autopilot. 

System  testing  of  the  brake  control  system  was  aided  by  means  of  the 
SlTIr1  The  deS'9n  a"d  Per,°™n“  ’hiS  ““  »a-«  demon- 

i ^ The  usage  of  the  ECU  was  not  validated  at  Crestview  due  to  the  emohask 

paced  on  the  QF-102A  aircraft  and  integration  of  the  basic  FCSS;  however  the  ECU 
was  subsequently  validated  at  Holloman  Air  Force  Base.  ’ 
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fie: 


....  Extent  of  System  Integration.  The  system  integration  that 

Plished  at  Crestview  consisted  of  the  following: 


was  accom- 


Flight  test  evaluation  and  establishment  of  all  of  the  gains  of 
the  primary  FCSS 

• Integration  of  the  maneuver  programmer  on  the  STB 

Basic  integration  of  the  Command  Control/Telemetry  System  to 
the  FCSS.  Final  integration  was  accomplished  at  Holloman  Air 
Force  Base  after  resolution  of  some  of  the  multipath  problems. 

• Brake  control  system  integration 

The  visual  augmentation  system  was  tested.  Visual  augmentation 
performed  poorly  when  the  afterburner  was  on.  This  was  not 
resolved  until  the  Holloman  Air  Force  Base  phase  of  the  program. 

d.  Flight  Test  Summary 


The  major  achievements  of  the  flight  tests  conducted  at  Crestview  entailed: 

• FCSS  gain  optimization 

• LOC  program  verification  and  optimization 

• Verification  of  the  brake  control  system 

Evaluation  of  the  Command  Control /Telemetry  System 

Evaluation  of  the  primary  and  secondary  radar  systems  of  the 
MGS  and  its  plotting  capabilities 


A total  of  21  engineering  flights  were  flown  during  the  Crestview  flight  test 
phase.  This  comprised  50  percent  of  the  total  number  of  flights  actually  flown.  A 
number  of  flights  were  for  demonstration. 


AJ  thl.s  pomt  t,me<  maximum  effort  was  extended  to  provide  demonstration 
lights  and  maintain  the  original  schedule.  This  pressure  to  maintain  schedules  tended 
to.be  counter-productive  because  meticulous  analysis  of  each  flight  was  needed  to  pin- 
point problem  areas.  H 


e.  Problem  Areas 


Some  of  the  more  relevant  technical  problem  areas  and 
summarized  below: 


respective  solutions  are 


Elevon  feodback  signals  were  washed  out  to  provide  precise  attitude 
control  at  any  flight  condition. 
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« Primary  and  standby  automatic  direction  indicator  validity  circuits 
had  to  be  revised  for  proper  operation. 

• A rate  compensation  circuit  and  associated  HEP  valve  amplifier 
gain  increase  was  removed  when  it  was  found  that  desired  loop 
response  could  be  obtained  with  nominal  gain  and  no  rate 
compensation. 


• System  noise  resulting  in  erratic  surface  fluctuations  was  reduced 
by  more  carefully  routing  box  grounds  and  by  removing  unused 
HEP  valve  center  tap  wires  which  were  unterminated  and  ran 
considerable  lengths. 


Various  system  logic  interlocks  were  changed  to  provide  desired 
operational  characteristics  and  to  relieve  pilot  workload. 

System  test  points  were  added  to  allow  more  complete  ground 


Roll  surface 
HEP  valves. 


limiting  to  + 2.5  was  found  to  be  due  to  weak 
(HEP  valves  breaking-out  at  low  force  levels.) 


Airborne  telemetry  system  decoders  were  modified  to  eliminate 
noise  spikes  superimposed  on  the  received  proportional  signals. 


Erratic  downlink  proportional  data  was  eliminated 
digital  register  overflow  problems. 


by  connecting 


Excessive  downlink  data  problems  were  resolved  by  eliminating 
the  possibility  of  enabling  fore  and  aft  telemetry  systems  simul- 
taneously. 


toct  J1  ex^en®'ve  stability  and  control  analysis  was  conducted  prior  to  the  fliqht 
test  activity  which  provided  optimum  gain  data  for  the  longitudinal  and  lateral  axes 
is  ana|ysis  was  conducted  utilizing  Convair  stability  derivative  data.  The  simulation 
utilized  three  degrees  of  freedom  per  axis  and  was  limited  to  small  perturbation  equa- 
*'*?"*•  Thls  slmu|at|°n  proved  to  be  very  well  ballparked  by  this  analysis.  Some 

rnnH  °"  V.  3 sl,ght  reductlon-  as  would  be  expected,  since  the  simulation  was 

ducted  in  a noise- and  turbulent-free  environment.  Outer  loop  air  data  qains  re 

ZreMa*T,?ZZZZ*in  Dain  “ aChi6Ve  S"aPPV  3Pd  ,i9h'  a',itUde’  airspecd' 

foT  zz 

philosophy  entailed  that  the  pilot  supply  a trim  command.  9 

This  was  found  to  be  unacceptable  because  the  remote  pilot  did  not  have  ade 

iTm  "rl5  J°  u f,dly  accomP,ish  this  task.  Also,  trim  changes  due  to  speed  changes’ 

moZm  Whin  ,hen9T ? in  an  a,titUde  hold  mode  would  be  accounted  for  by  the 

autophot.  When  the  pilot  attempted  to  take  his  stick  out  of  detent,  the  attitude  hold 
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mode  would  be  reset  and  the  trim  would  revert  to  the  pilot's  trim.  This  was  noted 
to  cause  transients  on  disengaging  modes.  The  aircraft  would  also  occasionally  pitch 
in  the  wrong  direction  when  the  remote  pilot  moved  his  stick  fore  or  aft  This  was 
particularly  objectionable  during  final  approach. 

The  HEP  valve  lockout  problem  of  the  standard  F-102A  was  discovered  at  Crestview. 
This  problem  results  in  loss  of  FCSS  control  of  the  control  surfaces.  No  concrete 
solution  was  obtained  at  Crestview.  Further  HEP  evaluation  was  performed  at  Holloman 
Air  Force  Base  during  maneuver  programmer  high  g evaluation. 

Numerous  command/data  dropouts  were  apparent  at  Crestview.  In  addition  the 
plotting  capability  of  the  MGS  was  found  to  be  very  poor.  These  problems  were 
resolved  at  Crestview. 

Several  modifications  to  the  brake  control  were  discovered  to  be  necessary  and 
are  discussed  as  follows: 

• During  initial  brake  system  testing  it  was  found  that  secondary  hydraulic 
pressure  used  to  operate  the  brake  control  system  caused  a small  buildup  of  manual 
brake  pressure  so  that  when  the  automatic  system  was  disengaged  the  manual  brake 
pressure  would  not  allow  complete  brake  release.  To  alleviate  this  problem  a pressure 
relief  system  was  added  to  the  master  brake  cylinder. 

• Additional  testing  revealed  that  engagement  of  the  anti  skid  brake  system 
followed  by  disengagement  and  reversion  to  the  manual  brake  system  caused  a soft 
pedal  condition  indicative  of  air  in  the  brake  lines.  This  problem  was  finally  tied 
to  air  leakage  in  the  relay  valves  which  was  aggravated  by  step  fashion  removal  of 
anti  skid  brake  pressure.  Relay  valve  rework  was  required  to  remove  worn  areas  and 
to  install  improved  0 rings  on  the  valve  piston.  This  provided  an  effective  solution 
to  the  problem. 

• A wheel  spinning  device  was  originally  procured  to  spin  the  wheel  to 
check  for  wheel  transducer  output.  It  was  later  determined  that  the  transducer 
output  voltage  gradient  was  large  enough  that  the  same  test  could  be  achieved  by 
jacking  each  wheel  and  rotating  the  tire  by  hand.  This  procedure  is  presently  being 
used  in  the  premission  test. 

4.  ENGINEERING  DEVELOPMENT  - PHASE  II 

a.  Finalization  of  Aircraft  Modifications 

During  the  flight  test  program  several  problems  were  solved  by  changes  to 
the  aircraft  itself  rather  than  changes  to  the  added  aircraft  systems. 

(1)  Smoke  System.  The  Smoke  System  functioned  very  well  at  military 
power  and  below;  however,  the  oil  used  to  generate  smoke  would  burn  during  after- 
burning operation  producing  no  smoke.  Several  modifications  to  the  nozzle  were  tried 
but  would  not  provide  satisfactory  results  for  both  afterburner  and  non-afterburner 
operation.  The  final  resolution  of  this  oroblem  added  a second  smoke  nozzle  on  the 
aspirator  to  operate  during  afterburner  operation.  This  nozzle  mixes  engine  bleed-air 
with  oil  to  produce  smoke  outside  the  high  temperature  area  of  the  afterburner  plume. 


during  the'^lig^ftesf^Tst  St*  ^ ^ .brake  System  were  ^scove  red 

manual  brakes  fluid  from  the ^ antiJkfd  hit  t r ,n  Parallel  with  the  a"craft 

causing  a malfunction,  locking  the  wheels  A ve'ntw^Tadded^tn  ThT'  ^ reServoirs 
to  allow  excess  brake  fluid  to  overflow  into  an  added  receptacle  st rnnri  masterMcylinder 
in  the  hydraulic  and  pneumatic  portions  of  the  brakes  resumed  in  a distinction  ^h*'0" 

system  W^Orif!ces  ^were^dded  tcMh^  t^rake^elTy  ^IveTttTd^ 

cured  the  problem  of  hydraulic  overheating.  V d3mP  he  0sciilatl0ns  which  also 

m,h  - 

:Xrirrs  %.x  - 

off  has  been  attributed  to  antenna  shielding.  ,Ur,he'  °CCUr,enCe  of  LOC  during  take- 


PQMI  and*  the^forcJ feel  tys'lemT®  dMble'dTpQM  m"1  .r’6'"  ”*  modi,ied  ,QF  and 

to  aircraft  interface  when  high  o manmwersll™  to  allow  compatibility  of  the  FCSS 

FCSS  nearly  full  authority  in  positioning  [L  elevoT'  * modmca,ions  a"™ad  «* 


trailers  to  'an  LOC^TteTo? ITT 7“'?  W8S  UWd  ,0  alCT'  9™"d  con- 

llraraftANMRT340,radioadded  Pa"el  «^wKchUTn  .Crn'cOT^to  ^ 


Ai,  hi9h  9 enuironment  Of  the  PQM-102  aircraft  and  the  possibility  of  Ram 

cureJ  on  Jl  PQM  ’lO^'iSt  '"9  ^ 9'  ,h'  RAT  WaS  re"'°’'ed  a"d  the  d°°r  * 

b.  Finalization  of  Test  Procedures 

102  TarL^Svstm0'1  A H test  procedures  were  used  to  test,  evaluate,  and  repair  the  PQM 
larget  System.  A ground  procedure  was  used  with  the  PMTS  to  conduct  initial  test 

trm  hT  'hrat;°n  Hf  the.airc,raft-  A Premission  procedure  was  used  with  the  PMTS  to  test 

,o  conduct  ie^o“S,eVSTB  FCSS™  rfStem  T"0  'li9h''  Procedures  were  ato  maintained 
° co^uct  tests  on  the  STB,  FCSS,  and  on  each  of  the  major  components.  The  procedures 

ver  d testing,  calibration,  and  isolation  of  failures  to  the  lowest  repairable  level. P 

beainnin^nf  fh'eTv TeS*  Procedurue-  The  ground  test  procedure  was  implemented  at  the 
beginning  of  the  testing  phase  of  the  program  at  Crestview.  The  procedure  was  serviced 

AtdHeoX|?nnd  A°  t '"'depth  testin9  of  the  FCSS  and  its  interface  with  the  aircraft  d 
Holloman  Air  Force  Base  the  procedure  was  reorganized  to  facilitate  testinq  and  ex- 
panded to  cover  government  furnished  equipment  systems  on  the  PQM-102  Calibration 
procedures  were  developed  for  the  stall  warning  vane,  rudder  center  position  and  eleven 
position  feedback  sensors.  As  the  target  system  was  finalized,  the  ground  test  nr^re 
was  updated  as  required  to  test  the  new  parameters  procedure 
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The  major  aircraft  modifications  which  required  changes  to  the  around 
dure  are  as  follows:  M 


test  proce 


• New  transponders 

• Changes  to  the  automatic  takeoff  program 

• Changes  to  system  gains 

• Addition  of  g error  integrator 

• Optimization  of  backup  autopilot 

• Implementation  of  low  altitude  mode 

• White  Sands  Missile  Range  changes  to  the  destruct  system 

• Optimization  of  maneuver  programmer  operation 

• Addition  of  roll  integrator 

• Changes  to  nosewheel  steering  operation 

• Changes  to  brake  control  system 

• Addition  of  pitch  trim 


V U Premissi°".  T«t  Procedures.  The  development  of  the  premission  test  procedure 

ZfJ rl  H9  thV  ? testmg  at  Crestview'  The  interface  with  the  target  system  was 

established  based  on  the  information  obtained  during  the  ground  test,  and  on  system  test 

requirements  to  isolate  failures  to  a major  replaceable  component  level.  At  Holloman  Air 
F-orce  Base  the  procedure  was  formalized  and  used  to  test  all  the  PQM-102  aircraft  before 
ight  During  this  time,  a number  of  modifications  were  implemented  to  facilitate  testinq 
and  to  correct  discrepancies  which  had  developed.  y 


^ hawo  ■ T°  f Stmg'  sw,tches  were  added  to  the  PMTS  to  allow  the  operator 

Inr^vT  PriHHrn  FC^S  funct,°n  commands  remote  from  the  aircraft  cockpit.  Light  indica- 
tors were  added  to  increase  the  number  of  function  displays  available  to  the  operator 

larget  system  modifications  also  required  modifications  to  the  PMTS  to  allow  testinq  of 
new  functions.  Controls  and  indicators  were  added  as  a result  of  the  following  changes- 


•Addition  of  g error  integrator  - addition  of  a switch  to  bypass 
the  integrator  to  test  gain  of  pitch  channel 


• Implementation  of  low  altitude  mode  - addition  of  a switch  to 
command  radar  altitude  test  mode 


•White  Sands  Missile  Range  destruct  test  - addition  of  a switch 
to  command  failsafe  OFF  and  a light  indicator  for  WOG  signal 
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•Addition  of  roll  integrator  - addition  of  a switch  to  bypass 
integrator  to  allow  gain  test  of  roll  channel 


■?HPHH,ifnICqUj?men,S  ' 3 ,hr°,,le  limit  command  was 

added  to  the  RF  control  link.  A switch  was  also  added  to 

prevent  the  ground  controller  from  transmitting  an  unintentional 
pitch  command 


Modifications  to  correct  discrepancies  were  as  follows: 


•Cable  clamps  - large  cable  clamp  boots  were  added  to  the 
aircraft  PMTS  interconnect  cables  to  protect  the  wiring 
insulation  from  damage 


* Mm*  S'9nal  and  power  Qrounds  were  separated  in  the 
rMlb  to  reduce  conducted  noise 


•Backup  VG  torquing  - the  harness  required  modification  to 
provide  backup  rotary  inverter  power  when  torquinq  the 
backup  vertical  gyro 


•Connector  covers  - covers  were  added  to  protect  the 
pins  when  the  cables  were  not  in  use 


connector 


t The  t6St  procedure  was  r/vised  as  needed  to  correct  deficiencies  and  to  impU 

des  are^s  ToTows™™  “ " * ° modifications-  The  Ganges  due  to  defider 


•The  test  of  the  aircraft  HEP  valve  and  trim  circuit  was  inadequate 
to  determine  proper  operation.  The  procedure  was  chanqed  to 
incorporate  the  Air  Force  Technical  Order  procedures  for  testing 
the  trim  system  and  the  servo-HEP  valve  test  was  changed  to 
allow  testing  of  each  elevon  individually.  Operation  of  the  target 
system  has  proven  that  the  test  is  now  effective. 


• A test  was  added  to  test  the  power-on  and  the 
commands  to  the  DIGIDOPS  system. 


calibration 


Target  system  modifications  which  required  procedure  changes  are  as  follows: 

*Herr!ranSP°nde,rS  ' addition  of  tes*  f°r  Automatic  Gain  Control 
(ACC)  commands  and  signal  levels 


• Automatic  takeoff 
altitude  command 


mode  optimization  - changes  to  airspeed  and 
levels,  gains,  and  resultant  modes 


•System  gains  - changes  to  measured  parameters 


•Addition  of  g error  integrator  and  roll  error  integrator  - change  to 
procedure  to  conduct  gain  test  and  addition  of  test  of  integrator 
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• Backup  autopilot  changes  to  gains  measured 


• Implementation  of  low  altitude  mode  - addition  of  test  for  low 
altitude  configuration  and  radar  altimeter 

•White  Sands  Missile  Range  destruct  test  - complete  revision  of 
destruct  test  to  comply  with  White  Sands  Missile  Range  request 

•Maneuver  programmer  - changes  to  results  measured 

• IMosewheel  steering  modification  - test  revised  to  cover  new 
operating  mode 


The  STB  procedures  for  use  on  major  components  were  direct  adaptations  of 
the  factory  test  procedures  used  to  conduct  final  test  of  the  units  before  delivery  Thev 
were  updated  wherever  a change  was  implemented  in  the  factory  procedure.  The  system 

procedure  was  adapted  from  the  PMTS  premission  procedure  to  maintain  continuity  between 
bench  testing  and  aircraft  testing.  1 

t Ihe  success  of  the  Pr°9rafn  has  shown  that  the  test  procedures  that  were  used 

did  test  the  target  system  to  a level  of  confidence  needed  for  flight.  The  discrepancies  of 
the  procedures  were  correct  and  the  procedures  were  updated  as  required  to  test  the 
system  whenever  a modification  was  implemented. 

c.  Finalization  of  Target  System  Integration 

h ■ D?nV  xTaM  cf]anges'  brieflV  discussed  below,  were  made  to  the  target  system 
during  R&D  These  changes  could  be  grouped  together  under  a single  general  heading 
such  as  Flight  Control  System  Gain  Optimization.  Other  modifications  of  a more  major 
nature  are  also  discussed,  together  with  details  of  the  original  problem  and  the  effective- 
ness of  the  implemented  solution.  The  changes  are  arranged  in  chronological  order  how- 
ever, many  tasks  overlap  considerably.  The  dates  in  parenthesis  give  the  approximate 
completion  date  for  a particular  modification  or  group  of  changes.  A minority  of  these 
changes  to  the  airborne  system  caused  corresponding  changes  to  the  PMTS  and  associated 
AGE;  however,  changes  to  AGE,  particularly  the  PMTS,  were  minimal.  Discussion  of  test 
procedure  evolution  can  be  found  in  paragraph  4.b.  of  this  section.  The  most  significant 
rfc0"^  ^as  the  result  of  major  destruct  system  changes  by  direction  from  the 
White  Sands  Missile  Range  Safety  Office.  Several  special  test  fixtures  were  fabricated  to 

eutTCt  system  at  the  PMTS  and  Pre-flight  levels  of  test.  The  development  of 
this  AGE  had  not  been  anticipated  before  the  Holloman  Air  Force  Base  phase  of  the  R&D 
program. 


fiinhtc  (1h  *irJTe  Antuenn~  Re,ocation  February  1974).  Results  of  antenna  evaluation 
lights  conducted  during  the  Crestview  phase  indicated  significant  interrogation  loss  when 

commanding  via  the  fore  telemetry  system.  Due  to  the  fuselage  blockout  the  problem 
was  more  severe  because  the  aircraft  was  pointing  directly  away  from  the  control  station 
" . u°  optlmize  the  antenna  coverage  the  two  antennas  of  the  fore  system  were 

replaced  by  one  bent  stub  type  fin  antenna  located  on  the  top  edge  of  the  fin.  The  new 
implementation  flights  conducted  at  Holloman  Air  Force  Base  revealed  excellent  results. 
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12)  New  Transponder,  Modified  Decoder  (March  1974).  Flight  test  during  the 

ca^bZ  °Th  CAr9r  ' ,Kl  Pr°ST  de'T’°"s,ra,ed  ^ "eed  for  a transponder  with®  AGC 
rS  a J?  cspccia"V  needed  when  changeover  was  attempted  between  the 

(TvDea302CG8^  w!!£  irr  resfc,ive  wide  di,,erence  in  radiated  power.  New  transponders 
Uype  dU2L  B)  with  AGC  and  greater  sensitivity  were  installed.  Results  of  further  fliaht 

tests  indicated  that  the  new  transponders  greatly  improved  system  performance. 

(3)  . Multipath.  The  multipath  problem  was  first  observed  at  Crestview  but  not 
dU  remo^DF^  untll.eaj!y  mfthe  Hol|o™n  Air  Force  Base  phase  of  the  program.  During 
fldshTna^ ^ n^nHPP«aCth  thhe  ,nfamous  Christmas  Tree  effect  (many  command  indicators 
JnhFAn  °ffu  S!me  time)  W3S  observed-  Evaluation  with  aircraft  FAD  601 
and  FAD  602  on  the  ground  revealed  the  cause  to  be  reflected  (multipath)  pulses  inter- 
spersed with  direct  transmission  pulses  being  received  and  decoded  by  the  airborne  system 
These  extra  pulses  gave  the  effect  of  sending  commands  when,  in  fact,  none  were  sent 

Additional  tests  were  made  with  different  transponders  and  modified  decoders 
m °t  h to,  f7ther  resolve  the  Problem.  The  final  resolution  was  to  use  a decoder  with  a 

parity  check  (rejects  uplink  pulse  groups  with  more  than  four  pulses  within  the  pulse  group 

The  ACC  fAdd'tlonal!y'  a different  transponder  with  a receiver  AGC  capability  was  installed. 
The  AGC  function  allowed  direct  path  transmissions  to  be  decoded  with  a lower  receiver 
gam  and  thereby  eliminated  most  of  the  reflected  pulses  because  of  their  lower  signal  strength. 

ta.  „ (4)  Automatic  Takeoff  Optimization  (March  1974).  Optimization  of  the  automatic 
takeoff  sequence  is  summarized  as  follows: 


• The  climbing  pitch  attitude  reference  was  increased  from  10  to  13 
degrees 

• Rotation  speed  was  changed  from  135  K I AS  to  150  KIAS 

• Automatic  takeoff  was  changed  to  engage  after  the  ground  roll  had 
been  started  manually  by  the  controller.  (This  allowed  for  align 
ment  corrections,  stick  inputs,  and  engine  performance  evaluations 
prior  to  initiating  the  automatic  takeoff.) 

• I™  airspeed  on  the  pitch  speed  switch  point  was  decreased  from 
250  KIAS  to  240  KIAS 

• When  the  airspeed  on  pitch  mode  was  engaged  with  a large  reference 
error,  the  aircraft  responded  with  large  and  rapid  pitch  attitude 
change.  To  overcome  this  problem,  a lag/integrator  network  was 
connected  to  the  airspeed  error  path.  When  the  mode  was  engaged, 
the  integrator  switched  from  its  synchronized  state  to  an  effective 
lag  which  allowed  the  error  signal  to  propagate  through  to  the  HEP 
values.  This  effectively  produced  a s!ow-in  for  the  airspeed  error 
signal.  Flight  test  results  at  Holloman  Air  Force  Base  indicated 

the  modification  performed  well. 

v • Airspeed  on  the  pitch  mode,  which  previously  engaged  at  3500 

feet,  was  changed  to  6100  feet.  (Altitude  2000  feet  above  ground 
level  switch  for  White  Sands  Missile  Range.) 
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• Orbiter  altitude  was  changed  from  14,000  to  20,000  feet. 

(5)  System  Gain  Optimization  (March  1974).  A great  deal  of  the  system  gain 
optimization  was  performed  at  Crestview',  however,  a minor  part  of  this  basic  calibration 
was  performed  at  Holloman  Air  Force  Base  during  January  and  February  1974.  The 
original  computer  simulation  gave  extremely  accurate  gain  predictions  for  most  of  the 
system  gains. 

(6)  G Error  Integration  (April  1974).  Preliminary  flight  tests  performed  on  the 
maneuver  programmer  indicated  that  g holding  was  usually  out  of  specification  during 
preprogrammed  maneuvers.  The  problem  was  eliminated  by  adding  an  error  integrator 
which  corrected  for  small  g errors  occurring  in  the  g command  path.  Later  flights  flown 
with  the  error  integrator  revealed  improved  g accuracy. 

(7)  Smoke  System  Redesign  (April  1974).  Flights  conducted  at  Crestview  indi- 
cated that  augmentation  of  visual  acquisition  of  the  target  system  utilizing  a smoke  trail 
was  inadequate  when  operating  in  the  afterburner  range.  The  system  was  modified  by 
adding  an  afterburner  nozzle  assembly  which  received  oil  and  mixed  it  with  the  engine 
bleed-air  before  spraying  it  into  the  afterburner  exhaust  stream.  When  the  target  was  not 
operating  in  the  afterburner,  the  oil  was  directed  to  the  primary  nozzle.  The  nozzle 
was  positioned  to  direct  the  oil  stream  to  impinge  on  the  engine  exhaust  gasses  which 
produced  the  smoke  trail.  Flights  flown  with  the  new  implementation  produced  good 
results. 


(8)  Backup  Autopilot  Optimization  (July  1974).  One  of  the  major  tasks  accom- 
plished in  the  early  phases  of  the  Holloman  Air  Force  Base  test  program  was  optimization  of 
the  backup  autopilot  gains.  Aircraft  FAD  603  was  flown  to  verify  the  stability  and  the 
controllability  of  the  backup  FCSS  during  level  flights  through  banks  of  at  least  30  degrees 
and  pitch  attitudes  as  necessary  for  approach  and  landing  conditions.  In  addition,  recovery 
from  unusual  flight  conditions,  pitch  and  roll  damping,  and  direct  throttle  and  rudder  were 
functionally  checked.  Test  results  indicated  that  overall  backup  autopilot  gains  were  high. 
Better  stability  and  controllability  were  achieved  by  reducing  the  gains  approximately  50 
percent. 


(9)  Low  Altitude  Implementation  (August  1974).  The  low  altitude  flight  testing 
was  completed  to  the  limits  of  the  QF-102  flight  envelope.  The  presentations  included  low 
passes  of  400  feet  AGL  using  barometric  altitude  sensing  and  200  feet  AGL  using  radar 
altitude.  The  major  changes  made  to  the  system  during  low  altitude  evaluation  were  as 
follows: 

• A gain  switch  was  added  on  the  altitude  error  path  to  allow  the 
altitude  flare  to  begin  at  1300  feet  above  the  programmed  altitude 
(the  previous  switch  point  was  500  feet). 

• A washout  was  added  to  the  pitch  attitude  command  to  reduce 
the  pitch  attitude  rate.  This  modification  allowed  the  transition 
from  high  pitch  attitude  to  level  without  negative  g transients. 

• Landing/takeoff  mode  and  heading  hold  on  rudder  were  changed 
to  inhibit  about  240  knots. 
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• The  pull  up  time  constant  was  increased  from  0.4  to  1.75  seconds 
and  g feedback  was  added  during  the  pull  up  phase.  This  modifi- 
cation was  made  to  provide  an  8g  pull  up  at  600  knots  airspeed 
with  60  degrees  pitch  attitude. 

n.irinn  Ih^  Wh't6  ^ds  Mlsslle  Ran9e  Required  Destruct  System  Modifications  (August  1974) 
u ing  the  course  of  flight  testing  at  Holloman  Air  Force  Base  a great  deal  of  time  was  spent 

the  'fHaht  w M'SS|le  Ra"ge  Safety  personnel'  The  Ran9e  Safety  Office  followed 

the  flight  testing  progress  very  closely  and  in  several  cases  directed  changes  to  be  made  to  the 

are'listeVbeS- m 9"'  ^ significant  changes  that  were  made  to  the  destruct  system 

• The  failsafe  latch  was  designed  symmetrically  so  that  it  would 

be  set  with  a failsafe  ON  command  and  reset  with  a failsafe  OFF 
command. 

• The  LOC  logic  was  redesigned  so  that  a failure  in  the  circuitry 
would  indicate  a failsafe  of  LOC  condition. 

• Orbit  altitude  was  changed  to  20,000  feet. 

• Downlink  telemetry  of  WOG  condition  was  added. 

• Downlink  telemetry  of  failsafe  battery  voltage  was  added. 

• HEFU  Arm  comparator  was  changed  to  1920  volts. 

, , . ’n  addltlon  to  the  above  changes  to  the  airborne  system,  special  test  equipment 
was  fabricated  and  associated  procedures  were  written.  This  effort  was  necessary  to  accom- 
modate the  requirements  of  the  White  Sands  Missile  Range  Safety  Office. 

(11)  Maneuver  Programmer  Validation  (October  1974).  Two  main  problems  surfaced 
X^loc^Zb^:;09^"1"  fM9ht  t6St:  (,)  Prem3tUre  P"  ™ a"d  HEP 

The  first  problem  manifested  itself  in  a number  of  different  ways.  Usually  the 
maneuver  would  reset  to  recovery  before  the  maneuver  time  had  expired  but  occasionally  the 
programmer  would  skip  its  second  phase  entirely  or  run  for  an  excessively  long  time  The 
problem  could  only  be  repeated  on  the  ground  by  special  equipment  and  elaborate  trouble- 
shootmg  techniques.  Using  these  techniques,  high  voltage  noise  transients  were  injected  into 
the  automat'c  fhght  control  stabilization  system  and  all  the  problems  found  during  flight  test 
could  be  duplicated.  It  was  a relatively  simple  matter  to  add  two  noise  filters  to  the  maneuver 
programmer  circuitry  to  reduce  noise  susceptibility.  The  erratic  maneuver  programmer  perform- 
ance was  eliminated  completely  by  these  changes. 

• HEP  valve  lockout  problems  were  only  seen  when  flight  profiles  called  for  maneu- 

vers in  excess  of  4g.  Simply,  the  HEP  valves  reached  an  operating  regime  during  high  q 
maneuvers  that  caused  the  valve  not  to  respond  correctly  to  further  command.  This  was  seen 
flight  as  uncommand  aircraft  roll  and  occasionally  excessively  high  g load  factors  Various 
unsuccessful  attempts  were  made  to  cure  the  problem.  Eventually  the  force  feel  system  used 
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to  provide  artificial  control  stick  feel  to  the  original  F 102  nilot  was  rikahlpH  . 

in  greatly  improved  HEP  valve  performance.  However,  the  basic  HEP  valve  lockout  problem 
valve^  design.  ^ V Completely  eliminated  by  major  changes  to  the  F-102  HEP 

(12)  Roll  Integration  Addition  (October  1974).  It  was  found  that  roll  attitude  hold 

during  maneuver  programmer  was  not  consistently  within  specification  tolerance  The  bank 
angle  tended  to  either  over-  or  undershoot  the  required  value,  which  was  especially  nott 
able  at  high  bank  angles  A roll  integrator  was  added  to  the  roll  command^ath  when  the 
maneuver  programmer  was  engaged  and  roll  error  was  less  than  10  degrees.  This  implementa 
tion  performed  well  and  gave  excellent  roll  attitude  hold  performance.  P 

(13)  Nosewheel  Steering  (January  1975).  Poor  aircraft  response  to  nosewheel  steerino 
command  and  the  danger  involved  in  a heading  reference  system  hard-over  failure  dunnq  landing 

w«tpme°ff  T°Ur?  r?  6d  t0  3 modlf,cation  of  the  nosewheel  steering  control  law  The  new  9 
system  employed  a lagged  command  amplifier  instead  of  an  integrator  and  resynchronized  the 
heading  reference  signal  whenever  a skid  command  was  received.  To  compensate  for  nose- 
wheel steering  actuator  dead  zone  the  time  to  clamp  to  a new  heading  reference  was  delaved 
1 second  after  termination  of  a skid  command.  The  new  system  was  flight  tested  extensive^ 

- ~~ ~ "cjzzsrzz, 

A r Fo9rceSBase  °A  narjadon^f  ^ T made  31  ,his  time  3nd  also  later  at  Hollolan 

found  in  Sis  ZgraphVr'"9^  “ - «>*  can 

5.  FLIGHT  TEST  PROGRAM  - PHASE  III 

The  DT&E/IOT&E  flight  test  program  was  conducted  at  Holloman  Air  Force  Base  between 
anuarv  and  November  1974.  This  program  was  in  concert  with  the  Phase  M enoinSrSo 
deve  opment  effort  that  was  required  for  finalization  of  system  petformance  intearatbn  and 

r^ord^fIiahts°*  ^ound  test  P-«dures.  After  the  star,  o')  system 

record  flights  other  unforeseen  technical  problems  and  requirements  arose  that  precluded 

eva|nuStimi)tSalranandtH0f  ’he  'T*'  !!'t' ‘ pr°9ram-  As  a ■ numerous  en  meering 

Se  program  9hA  reca  de™.ns,ratlon  fl'3hts  "<™  needed  on  an  as-required  basis  throughout 
the  program.  A recap  of  the  requirements  and  problem  areas  is  as  follows: 

• White  Sands  Missile  Range  demonstration  flights  were  required  for  simulated 
destruction  of  the  target  and  support  of  destruct  system  reliability. 

• Roll  attitude  hold  was  not  consistent  during  presentations.  The  corrective 
roll  error  integrator  circuitry  provided  excellent  roll  attitude  hold  but 
required  extensive  evaluation. 

• The  brake  control  and  nosewheel  steering  systems  required  modifications 
to  eliminate  overheating  and  to  improve  directional  control  below  85 
knots,  respectively. 
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• The  automatic  takeoff  mode  pitch  attitude 
rotation  to  11  degrees  pitch  at  150  knots. 


required 


optimization  to  assure 


dtum  i 

afterburner  operation. 


* were  in  need  °f  *°  — » 

• STSaSiC 

'acc^pMsh  re^eryt'prior,t^)eCeS^ 

The  rledla™"^  »« 

fee,  systent  on  POM-,02  aircraft 

progress  and  compliance'  wi°hlli^'hthpl^nsSand  nroced™*^  "l“""ore'1  the  contractor's 
evaluated  the  quality  of  data  gathered  from  QF/POmTo?  Add't,°na'|y.  the  test  director 
ground  tests.  al,  ot  which  are  Voln^t ionT^ "A* % £ “ 

the  test  site  for  rendCTmgTin!^  engineering  representative  on 

.echnica,  direction,  and  pU^nT^ 

typical  48V hour  IfM ghT p*i In' wer^  as^fol I ows ^ ' VGS'  ^ teSt  methodolo9V-  test  profiles,  and 
a.  Overall  Flight  Test  Objectives 

of  13  hiSKS  riBa?  re  the  conduct 

record  flights  for  the  successful  demonstration  of:  °M°2  r6C°rd  9htS'  and  5 PQ,VM02 

• All  ground  and  airborne  systems  associated  with  the 
target  system. 

Target  system  reliability  and  operational  effectiveness 
and  maintainability.  ess 


• PQM-102  de-manrated  concept. 
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• Contractor  capability  to  maintain  and  operate  the  target  system 
in  an  operational  environment. 

• Target  profiles  providing  the  necessary  variations/combinations 
for  both  IR  and  RF  missiles. 

• DIGIDOPS  interface  with  the  QF/PQM-102  Target  System  to 
provide  adequate  scoring  data  for  air-to-air  missile  performance 
evaluations. 

in  Table  Z6  ^ ™ a"d  all°wabll!  *"d/or  Parameters  are  contained 


b.  FI 


ight  Test  Methodology 


^ The  “njractor's  fli9ht  t0st  program  was  conducted  in  a progressive  and  svstematir 

SPO/AFSWC  ^ °f  the  ^°'day  schedule-  48-hour  test  plan,  and  the  PQM-102 

SPU'APSWC  test  directors  momtorship  of  all  flight  tests. 

(1)  The  30  Day  Schedule.  This  schedule  was  prepared  by  the  contractor  and 
approved  by  the  PQM-102  SPO/AFSWC  test  director.  It  included  a breakdown  of  thp 

Ra^a^^  fl'9htS  t0  ^ fl°Wn  the  following  month-  availability  time  of  White  Sands  Missile 
Range  radars,  general  purpose  of  each  flight,  date,  and  profile. 

by  the  POM-IO^  SPO^AFSW^tes^ri'  ^ ^ 7**"*  bV  the  COntractor'  approved 

con  rartoT Vo  thl  it?  S C test  d?  °r'  and  was  formally  briefed  and  debriefed  by  the 

"r.  H pnor  and  3fter  any  f,ight  referenced  in  the  30-day  schedule  and/or 

dimnn  t3rdt  h m'SSIOn‘ • Essential|V-  this  plan  delineated  the  detailed/specific  events  to  be 
bonX th^  T practlced  Wlth  the  associated  parameters  as  outlined  in  the  SOW.  Addi- 

n om  HV't  htP  an  C0"ta'"ed  the  modes  and  one  of  the  six  approved  profiles  showinq  the 
ground  track  as  it  related  to  White  Sands  Missile  Range.  9 

thic  m f Plan  WaS  bHefed  tW0  hours  prior  t0  the  scheduled  takeoff  time  During 

nrnrpH  9'  hG  COntfractor  addressed  each  event,  mode,  controller  techniques  emergency 

to  rhp  tfeS'  3 t StatUS'  ln  addition-  the  AFSWC  test  director  assigned  JTF  members 

to  the  tow  caravan,  when  applicable,  and  the  MGS  and  FGS  to  monitor  and  observe  comnli 

panels  Pr°CedUreS  3nd  t0  document  the  instrument  readings  as  noted  on  the  controller 

The  debriefing  was  held  30  minutes  after  each  mission  and  covered  everv 
aspect  from  the  start  of  preflight  checks  of  the  remote  control  equipment  to  enqine  shut- 
f ' ,The  debriefer  followed  the  plan  and  solicited  chronological  and  detailed  accounts 
f i tde  respactlve  9round  chief,  safety  pilot,  and  MGS/FGS  controllers  The  meetinq 

PQM-102^ SPO/A^SV^^esZd'0*  T?”  3"d  ,ailurK  and  '0int  a9rce,™nt  among  the 
, 1 02  SPO/AFSWC  test  director  and  the  contractor.  The  contractor  was  also  tasked 

to  provide  documentation  to  the  PQM-102  SPO/AFSWC  test  director  outlining  the  cause 

for  any  unsuccessful  event  and  the  fix  prior  to  any  rescheduling  and/or  redemonstration. 
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TABLE  2.  SPECIFIC  OBJECTIVE  MATRIX 

i — 

Ob  j ect  i ves/Pa  ra  m ete  rs 

Evaluation  Site 

Test  ; 

Fliyht  Control  and  Stabilization  System 

Positive  control  handoff  within  50  nmi  of  MGS 

Government 

Air 

Automated  takeoff  with  afterburner;  runway 
8,000  feet  long  by  200  feet  wide 

Government 

Air 

Automated  ground  abort  routines  landinq 
and  takeoff 

overnment 

Ground 

Airborne  abort  routines;  ground  inserted  programs 

Government 

Air 

Destruct  capability/procedures: 
Positive  Command 

’Government 

Air 

Positive  command  hard-over 

’Government 

Ground 

Failsafe 

’Government 

Air 

nrn!™™^  parameters<  initiated  by  ground  command, 
programmed  and  manual: 

A level,  constant  altitude,  constant  +5g  turn 
established  in  4 seconds 

Government 

Air 

Two  or  more  ground-programmed,  command 
selected  two-plan  maneuvers 

’Government 

A,i 

Altitude  envelope:  QF-102  surface  to 
45,000  feet;  PQM-102  surface  to  55,000  feet 

Government 

Air 

Low  altitude  performance:  400  feet  AGL  without 
radar  altimeters;  200  feet  AGL  (100  feet  desired) 
with  radar  altimeter  (±25  feet  desired,  ± 50  feat 
required),  500  feet  AGL  with  4g  level  turn 

Government 

Air 

Altitude  hold:  +1.0  foot/degree  of  bank  plus 
the  greater  of  ±50  feet  or  ± 0.5  percent  (±  2 
percent  for  preprogrammed) 

Government 

Air 

Airspeed  capability:  QF-102  refer  to  Tech- 

nical Order  1F102A-1;  PQM-102  1.35  Mach 
at  35,000  feet 

buvei  n1  ient 

Air 

TABLE  2.  SPECIFIC  OBJECTIVE  MATRIX  (CONTINUED) 


Objectives/Parameters 


,,,eterb  | Evaluation  Site 

Flight  Control  and  Stabilization  System 


f ir^|d  Mach  hold.  ±0.03  Mach  except  0.95 
to  1.05  Mach;  ±2.0  knots  below  275  knots 
10  knots  above  275  knots 

Attitude  capability:  pitch  up  to  ±60  degrees; 
roll  up  to  ±135  degrees 

Attitude  hold  (measured  excursion  of  the  pitch 
and  roll  gyro  reference): 

jO-5  degree  pitch  for  bank  angles  less  than  20 
degrees 

±1.0  degree  pitch  for  bank  angles  21  to  45 
degrees 

±2.0  degrees  pitch  for  bank  angles  more  than 
45  degrees  and  accelerated  flight  or  configura- 
tion change  M 

±1.0  degree  roll  for  bank  angles  to  45  degrees 

±2.0  degrees  roll  for  bank  angles  more  than 
45  degrees 

Headmg  hold:  ±1  degree  (measured  excursions 
ot  heading  gyro) 

G capability:  PQM-102  only  - 1.0g  to  8.0a 
with  I.Og  overshoot 

? (±01g  design  goal)  once  maneuver 

is  established 

Control  limits  to  preclude  exceeding  aircraft 
aerodynamic  capability 


Government 

Government 


Government 

Air 

Government 

Air 

Government 

Air 

Government 

Air 

Government 

Air 

Government 

Air 

Government 

Air 

Government 

Air 

Government 

Air 

Target  Configu  ration/Modif ication 


High  voltage  safety  provisions 
Airborne  backup  power  sources 


Contractor 
* Government 


Air 

Air/Ground 


/ 
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TABLE  2.  SPECIFIC  OBJECTIVE  MATRIX  (CONTINUED) 


Objectives/Parameters 

Evaluation  Site 

Test 

Target  Configuration/Modification 

Backup  flight  control  systems 

"Government 

Air/Ground 

Air  conditioning  - target  cooling  requirements/ 
capability 

"Government 

Air/Ground 

GFE  scoring  (DIGIDOPS)  interface  downlinking 
and  command  system 

Government 

Air 

Nonessential  equipment  removal 

Contractor 

Ground 

Subsystem  additions  performance 

Anti  skid  braking  system 

"Government 

Ground 

Drag  chute/drag  hook  deployment  by  remote 
command 

"Government 

Ground 

Telemetry  data  downlink  installation  and 
capability 

"Government 

Air 

Radar  beacon  transponder 

"Government 

An 

Visual  augmentation 

"Government 

Air 

Fuel  boost  pumps  remote  activation/de- 
activation 

"Government 

Air 

Command  and  Control 

Simultaneous  activation  of  separate  continuous 
commands 

Governm  3nt 

Air 

Compatibility  of  C&C  and  GFE  data  recording 
equipment 

"Government 

Air/Ground 

Airborne/Ground  C&C  Compatibility 

MGS  positive  control  of  QF/PQM-102  within 
50  nmi  radius  including  takeoff  and  landing 

"Government 

Air  i 

MGS/FGS  positive  control  hand-over 

Government 

Air 

FGS  positive  control  of  QF/PQM-102  within 
a 200  nmi  line-of-sight  radius 

Gove;  nment 

Air 
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TABLE  2.  SPECIFIC  OBJECTIVE  MATRIX  (CONTINUED) 


Objectives/Parameters 

Evaluation  Site 

Test 

Command  and  Control 

Adequacy  of  voice  communications  air-to- 

“ 

ground  and  ground-to  ground 

| 

•Government 

Air/Ground 

j MGS  X-Y  plot  adequacy 

•Government 

Air/Ground 

Flexibility  of  MGS:  primary  power;  30  minutes 

backup  power;  mobility;  and  visibility  of  operators 

•Government 

Air/Ground 

Destruct  system  security  from  activation  by 

extraneous  signals 

•Government 

Air/Ground 

Data  system  capability 

Monitoring  function  accuracy 

•Government 

Air 

Pitch  and  roll  proportional  channel  resolution 
of  1 and  2 percent,  respectively 

Government 

Air 

Simultaneous  display  of  air-to-qround  data 

at  the  FGS  and  MGS 

Government 

Air 

Radar  beacon  remote  operation 

•Government 

Air/Ground 

Airborne/Ground  antenna  compatibility 

•Government 

Air/Ground 

Aerospace  Ground  Eq 

uipment 

System  test  bench 

* Government 

Ground 

Premission  test  stand 

•Government 

Ground 

Engine  control  unit 

•Government 

Ground 

Brake  control  system  test  set 

•Government 

Ground 

Radar  simulator 

•Government 

Ground 

Target  group  simulator 

•Government 

Ground 

1 — * 1 

Other  Requirements 

Safety 

Contractor 

Air/Ground 

/ 


T ; * 
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TABLE  2.  SPECIFIC  OBJECTIVE  MATRIX  (CONCLUDED) 


Objectives/Parameters 


Evaluation  Site 


Other  Requirements 


initiated  at  contractor's  facility 


Test 


Maintainability 

Contractor 

Ground 

Reliability 

‘Government 

Air/Ground 

Interchangeability 

‘Government 

Ground 

Environment 

‘Government 

Air/Ground 

Electromagnetic  interference 

‘Government 

Air/Ground 

Transportability 

Contractor 

Air/Ground 

Human  engineering 

"Government 

Air/Ground 

— - — — — u 

System  Integration  and  Test 

Fourteen  QF-102  flights;  five  PQM-102 

flights 

Government 

Air 

Contractor  capability  to  maintain  the  tarqet 

system 

Government 

Air/Ground 

Adequacy  of  technical  data,  parts  lists 

engineering  data,  and  checklists 

‘Government 

Ground 

1 
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c.  Test  Flight  Profiles 


t , T°  demonstrate  all  contractual  tasks  in  a unified  flight  test  program  a series  of 

r11,aPnrdeSgZ„ed9SaKd'  Ea*  Pr°"le  required  cer,ain  “**  ba 


Profile  I (Figure  17)  demonstrated:  (1) 

(2) 

(3) 

(4) 

(5) 

(6) 


Response  from  both  MGS  and  FGS  positions 

Attitude  accuracy  in  turns 

Altitude  and  heading  hold  accuracy 

Mach  and  airspeed  hold  accuracy 

LOC  above  2000  feet  AGL 

Programmed  maneuver 


Profile  II  (Figure  18)  demonstrated: 


(1)  Response  from  both  MGS  and  FGS  positions 

(2)  Attitude  accuracy  in  turns 

(3)  Altitude  and  heading  hold  accuracy 

(4)  Mach  and  airspeed  hold  accuracy 

(5)  Pitch  attitude  accuracy  during  configuration 
and/or  airspeed  changes 

(6)  LOC  at  lower  reference  altitude 

(7)  Programmed  maneuver 


Profile  III  (Figure  19)  demonstrated: 


HI  Response  from  both  MGS  and  FGS  positions 

(2)  Attitude  accuracy  in  turns 

(3)  Altitude  and  heading  hold  accuracy 

(4)  Mach  and  airspeed  hold  accuracy 

(5)  Pitch  attitude  accuracy  during  configuration 
and/or  airspeed  changes 

(6)  Smoke  at  high  altitude 

(7)  Programmed  maneuver 


Profile  IV  (Figure  20)  demonstrated:  (1) 

over 

(2) 

(3) 

(4) 

(5) 

(6) 

Profile  V (Figure  21)  demonstrated:  (1) 

over 

(2) 

135 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Profile  VI  (no  standard  groundtrack) 
demonstrated:  (D 

(2) 

(3) 


Response  from  MGS  and  FGS  with  hand- 

Mach,  altitude,  and  heading  hold  accuracy 

Afterburner  Smoke 

Programmed  maneuver 

High  altitude  and  high  Mach  performance 

LOC  above  orbital  altitude 

Response  from  MGS  and  FGS  with  hand- 

Pitch  and  roll  extremes  (t60  degrees  and 
degrees,  respectively) 

Medium  and  low  altitude  performance 
Mach,  altitude,  and  heading  hold  accuracy 
Medium  and  low  altitude  Smoke 
Programmed  maneuver  (two-phase) 

Normal  g limits 
Minimum  altitude  maneuver 

Maximum  range  control  for  MGS  and  FGS 
LOC  on  runway  and  command  takeoff  abort 
MGS  backup  radar  capability 
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Figure  18.  Test  Flight  Profile  II 


Profiles  VII  and  VIII  (no  standard 
groundtrack)  demonstrated: 


(1)  Data  link  interface 

(2)  Pilot/Controller  training 


Profiles  I through  VIII  were  used  for  the  QF-102  operation.  Profiles  I throuah  VI  wPrP 
flown  for  DT&E  and  record  flights.  Profiles  VII  and  VIII  were  used  for  training^  All  of 

abilityP  9 tS  W6re  Wn  S6Veral  timeS  t0  VarV  flight  Parameters  and  establish  Repeat 

P.rofiles  "er?  generated  for  the  NULLO  flights  (Figures  22  through  27)  In  general 
NiiuPn°i.i  e was  designed  to  meet  the  requirements  of  each  NULLO.  With  the  exception  of 

f m°;  they  were  not  re.Peated  The  NULLO  No.  5 profile  was  used  for  aM  uhse 
quent  NULLO  requiring  AIM  series  missile  presentation. 


NULLO  No.  1 and  NULLO  No.  2 
(Figure  24)  demonstrated: 


NULLO  No.  3 (Figure  23) 
demonstrated: 


NULLO  No.  4 (Figure  24) 
demonstrated: 


NULLO  No.  5 (Figure  25) 
demonstrated: 


NULLO  No.  6,  NULLO  No.  7, 
and  NULLO  No.  8 (Figure  26) 
demonstrated: 


(1)  Airspeed,  Mach,  heading  and  altitude  holds 

(2)  Roll  and  pitch  holds 

(3)  Programmed  maneuver 


(1)  Airspeed,  Mach,  heading  and  altitude  holds 

(2)  High  speed  flight 

(3)  HVAR  presentation 

(4)  Programmed  maneuver 


(1)  Programmed  maneuvers 

(2)  Low  altitude  flight 

(3)  HVAR  presentation 


(1)  Airspeed  and  Mach  holds 

(2)  High  altitude  flight 

(3)  Programmed  maneuver 

(4)  HVAR  presentation 


(1)  Programmed  maneuver  (AIM-9J  presenta- 
tions) 

(2)  HVAR  presentation  (26  September,  only) 


d.  Typical  48-Hour  Flight  Test  Plan  (QF  Record  Flight  No.  1) 


+ i-VVl^h  Vi6  excePtion  Pilot  proficiency  and  functional  check  flights  the  48-hour  Dlan 
was  utilized.  Upon  completion  of  each  flight,  the  plan  became  a permanent  record  and  was 

“pendi^F  9 Ja(*et  3t  the  PQM1°2  SPCX  A typical  48  hour  Pla"  ^ shown 


Launch  Complexes.  Buildings  30  through  42 
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SECTION  IV 
EVALUATION 


1.  INTRODUCTION 


Evaluation  of  the  peculiar  systems,  peculiar  AGE  that  coi  irised  the  PQM-102  Taruet 
oystem,  and  other  requirements  outlined  in  the  SOW,  are  discussed  in  this  section. 

The  evaluation  was  performed  by  the  AFSWC  6585th  Test  Group,  Holloman  A.r  Force 
.apt  2£Z2i!t,f  Chart  reC°rdin9S'  di9i,al  and  ana'°3  °"  magnetic 

2.  PECULIAR  SYSTEMS 

a.  Flight  Control  Stabilization  System  (FCSS) 

The  OF/POM  IO2  Target  System  is  controlled  by  various  FCSS  modes.  It  may  be 
operated  edher  by  direct  control  or  by  automatic  control.  The  automatic  control  modes 
include  the  maneuver  programmer  and  special  low  altitude  maneuver  programmer  (LAMP) 

for  Army  PQM-102  Target  Systems;  automatic  takeoff;  takeoff/landing  abort;  and  loss-of- 
carrier  (LCJL*). 

The  FCSS  test  objectives  were  twofold:  (1)  to  quantitatively  evaluate  flight  perform- 
ance while  the  aircraft  was  under  direct  FCSS  control  as  commanded  by  the  operator  or 
under  automatic  FCSS  control  as  commanded  by  the  maneuver  programmer;  and  (2)  to 
qualitatively  evaluate  the  operation  of  tne  FCSS  automatic  control  modes. 

or  PventcTIlfh2hantitatiVf  W6re  tak!"  from  selected  time  intervals  called  data  points 

airrroft  tS-Th  h r u 3u"ed  to  occur  throughout  the  practical  mission  envelope  of  the 
a craft  To  accomplish  this  a variety  of  flight  profiles  were  developed,  each  containing 
set  of  prep  anned  data  points  approximately  30  seconds  long.  During  manned  test  fliqhts 
6 f ight  profiles  were  utilized  to  adequately  cover  the  flight  regimes  of  interest.  Examples  ' 

Ts  20  to  40  ion°H  |S  are  lliUSHated  SeCtion  IM-  The  tYPical  data  point  in  these  profiles 

hv  Hnlnimk  H t f °"g  a"dJ  5Unng  thlS  tlme'  the  actual  flight  Performance  (as  indicated 
by  downlink  data)  was  recorded  using  magnetic  tape  at  the  Fixed  Ground  Station  (FGS). 

_ (1/  FIJ.gh^  Performance  Under  Direct  Operator  Control.  The  flight  performance 

Each  ofeThesae  Oinhf  PltCth  fXIS'  !hr°ttle'  and  lateral  axis  flight  contro1  modes  of  the  FCSS. 
tach  of  these  flight  control  modes  was  controlled  by  the  flight  reference  computer.  Maxi- 
mum performance  capabilities  were  described  where  required  by  the  SOW  Overall  perform- 

srrrr,  n pitch  a*is  and  thra"ie  “"«•  ^ ^orm 

followmn  a ^ Thrgttle,Contro1  Pitch  hold  occurs  automatically 

I9  ap,tch  command  signal  and  causes  the  aircraft  to  maintain  the  existing  pitch 
attitude  The  remaining  pitch  axis  and  throttle  control  modes  are  selected  bv  commandina 
altitude  hold  or  speed/Mach  hold  on  pitch/throttle.  These  flight  control  modV operate  9 
l m7h  be.co,mmanded  either  directly  or  by  an  internal  automatic  program. 

Mach  inH  thp  aitt \ T 3ta  S/Stem  are  relative  t0  the  commanded  reference  airspeed/ 
Mach  and  the  altitude  existing  at  the  instant  of  altitude  hold  engagement.  This  initial  or 
reference  value  is  referred  to  in  this  report  as  the  nominal  value 
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in  Figure  27*  77  iff  at,i,dJe  hold  ds,a  Poin,s  « Presented 

9 v 1 , Unly  one  of.  the  33  data  points  was  out  of  the  SOW  tolerance  and 

the  recorded  deviation  in  this  case  was  1.1  deqrees.  Deviation  for  a nit/on  a 

3 per?enta9e  of  the  sow  tolerance  limit.  In  this  way  all  oAheAitch 
attitude  hold  data  points  could  be  evaluated  at  one  time  even  thouqh  the  SOW  toler 

“offattWhSlrt  HfIerent  f"ght  regimeS'  The  reSultS  ^ statistical  analysis  of 

-ion  ■Scu^n  &d'.„PTSSiiin  BTable  3'  The  ,he°re,iCal  iUS,i,i“- 

tl,e  **,  o,  kjjs  tiffin? sVw6^?^ 

, a T!1®  ability  of  the  FCSS  to  hold  altitude  was  tested  throughout  thp  altitude 

pirf  SS5e»Sa^1SrSSr 

The  average  altitude  deviation  defines  the  deviation  range  expected  at'Sn  altitude  and 

asm®  “a  “ ssr.r  anr ■ 

of  oank  with  vertical  velocity  near  ± 2000  fpm.  9 9 aegrees 

, . , Beyond  60  degrees  of  bank  the  stability  of  the  pitch  axis  decreased  Rera.,c0 

of  this,  the  data  points  for  bank  angles  above  60  degrees  were  not  normalized  and  were  nnt 
expressed  as  a percentage  of  the  SOW  tolerance  limit  The  capability Tthe  fS!  to  hold 
altitude  at  high  bank  angles  is  depicted  in  Figure  30.  Altitude  hold  performance  durina 
programmed  msneu vers  at  high  bank  angles  is  shown  in  Figure  31.  This  data  is  presented 

here  since  the  altitude  hold  control  mode  that  operates  during  a presentation  is  the  same 
mode  that  operates  during  normal  flight  conditions.  Presentation  is  the  same 

4 September  m a'titu^e _attained  by  the  drone  was  56,870  feet  MSL  on 

HESS 

smbs? 

ricS iefii9hhte e r3dar  al,,me,er  was  opera,iona' ,or  °niv  o™ 

th_  rocillt  x The  results  from  the  airspeed-on-pitch  data  points  have  been  combined  with 

nAtfdin|ft°m  airspe.ed  pn  thrott|e  tests  and  are  presented  in  Figure  32.  The  two  data 
points  depicting  out-of-tolerance  performance  occurred  below  275  kiaq  3nri  . 

the  restrictive  ± 2 knots  deviation"  limit  was  in  effect  During  the  6 May  W74  oro?  e™,  fah, 

8 de',iati0n  was  i2'5  KIAS;  duri"s  ,he  30  1974  profile  flight  - 

m k A.  s'Pli,ar  combination  of  results  was  made  to  present  the  Mach-on-Ditrh  anH 

Mach-on-throttle  data  points  depicted  in  Figure  33.  Although  th e pitch  axis  Control  svstcm 
is  independent  of  the  throttle  control  svstem  in  thp  fpcc  tho  nnmi  • , 7 

considered  justified  for  three  reason?:  ? the 

classified  by  a'rspeed-ho'd  and  Mach-hold  only,  and  no  distinction  was  mL  be^een  the 
Pitch  and  throttle  control  systems.  Second,  since  speed-hold  perfoZnS was  eSlent  ln 
all  cases,  combinmg  the  data  points  did  not  present  a misleading  performance  summary 
Finally,  the  increased  number  of  data  points  made  available  by  combS 
more  confidence  to  be  placed  in  the  statistical  results  which  are  presented  in  Table  3. 


v ■**•''* 
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TABLE  3.  FCSS  PERFORMANCE  RESULTS  UNDER  DIRECT  CONTROL 


Flight  Parameter 
Control  Mode 

Flight  Parameter 
Restrictions 

Demonstrated 
Deviation  Range 

‘Expected  Deviation 
Range  - RMS 

SOW  Toler 
ance  Limits 

Altitude  Hold 

Level  below 
10,000  feet 

32.5  feet 

39.8  feet 

± 50  feet 

Airspeed  Hold 

Airspeed  < 
275  knots 

1.0  knot 

1.2  knots 

± 2 knots 

Airspeed  Hold 

Airspeed  > 
275  knots 

5.0  knots 

6.6  knots 

± 10  knots 

Mach  Hold 

* * 

0.008M 

0.0IM 

± 0.03M 

Heading  Hold 

* * 

0.6  degree 

0.8  degree 

± 1 degree 

Roll  Altitude 
Hold 

Bank  < 45 
degrees 

0.7  degree 

0.9  degree 

± 1 degree 

Roll  Altitude 
Hold 

Bank  > 45 
degrees 

1.4  degrees 

1.8  degrees 

± 2 degrees 

Pitch  Altitude 
Hold 

Bank  < 20 
degrees 

0.27  degree 

0.4  degree 

±0.5  degree 

Pitch  Altitude 
Hold 

20  degrees  < 

Bank  < 45  degrees 

0.5  degree 

0.7  degree 

± 1 degree 

Pitch  Altitude 
Hold 

Bank  )>  45 
degrees 

1.1  degrees 

1.4  degrees 

± 2 degrees 

‘This  is  the  estimated  deviation  range  for  future  flights  calculated  at  a 95  percent 
confidence  level. 

‘Not  applicable. 


Pitch  Attitude  Hold  Accuracy  Summary  - 
Profile  Flight  Data  from  6 May  1974  to  15  August  1974 


(Percent) 


Deviation  Range  of  Actual  Pitch  Angle  from  Nominal  Pitch  Angle 
(100  Percent  is  the  SOW  Tolerance  Limit) 


Figure  27.  Pitch  Attitude  Hold  Accuracy 
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Number  of  Tested  Altitude  Hold  Events  within  the  Specified  Range 


Altitude  Hold  Accuracy  Summary 
Profile  Data  from  6 May  1974  to  3 September  1974 

Bank  Angle  < 60  degrees 


0 to  50  25  to  50  50  to  75  75  to  100  Above  100 

(Percent) 

Deviation  Range  of  Actual  from  Nominal  Altitude 
(100  Percent  is  the  SOW  Tolerance  Limit) 


£ 


Figure  28.  Altitude  Hold  Accuracy 
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Expected  Altitude  Deviation  — Feet  RMS 


Expected  Altitude  Deviations  During 
Altitude  Hold  Control  Mode 

(95  Percent  Confidence) 


Altitude  Hold  Performance 
at  High  Bank  Angles 


Figure  30.  Altitude  Hold  Accuracy  - High  Bank  Angles 


Figure  31.  Altitude  Hold  Accuracy  — 75  Degrees  Bank  Programmed  Manuevers 


Number  of  Tested  Airspeed  Hold  Events  within  the  Specified  Range 


Number  of  Tested  Mach  Hold  Events  within  the  Specified  Range 


Mach  Hold  Accuracy  Summary 
Profile  Flight  Data  from  6 May  1974  to  3 September  1974 


0 to  0.01  0.01  to  0.02  0.02  to  0.03  0.02  to  0.03  Above  0.03 

(Mach) 


Deviation  Range  of  Actual  Mach  from  Nominal  Mach 
Figure  33.  Mach  Hold  Accuracy 


i. 


1974  The  Jrge,' MaToT  iTa.Is.MOfee?  MVdtenoi^'Sm(SW1^^l'mbef 

commanded  b^lefTor  /fJhI[aUf^nt<feflTCt^sISfe0^  h°f?,  d“r,‘n9  which  the  bank  angle, 

additional  lateral  control  modes  are  headinq  hold  with  mdHor"1’  h ^ ?de  ls  terminated.  The 
(wings  level).  Heading  hold  with  rudder  iS9aualitahvPlv  ^f  andheadl"g  hold  with  ailerons 

zr  The  remaini"9  ,,i9ht 

34  and  the  deviations  are'e^preMd” as' a" percm tTge  of"  tht^SOW*  t'* I poin,ts  's  Siven  in  Flgure 
out  of  tolerance  data  points  showed  bank  angle  deviations nf0V?  } °'erance  ''mit.  The  four 

±?35  degree^'665  °'  ba"k  °n  26  June  ,974-  ™s  “«*dedX  ^"^perfoV^oT* 

'>  initiated  by  a'wi  ngs Tewil  °co  mm  an  d°  and  maintains  e"  35:  This  ,light  control  mode 

IS  5 degrees  or  less.  The  statistical  results  fmrr! ^ta'ns  ex'st,n9  heading  when  the  bank  angle 
in  Table  3.  statistical  results  from  the  heading  hold  data  points  are  also  presented 

operations,1  the ' abN  it^orthrconUol'  wstem  ^mach M3  H6UVerS'  Under  pro9rammed  flight 
a specific  g force  is  of  prime  interest  VJnder  ooeratnr  ™ 3 ,sPeciflc  bank  angle  and 

flight  parameter,  such  as  bank  angle,  was  direct^  deterged0 L^fh ‘"h'3'  Value  °f  a controlled 
various  modes  of  the  FCSS  subsequently  held  thkinS?  d by  ^ human  controller-  The 
maneuver,  however,  the  initial  flight  parameter  value  is  inm0m|'|n3  V3,Ue'  Durm9  a Programmed 
operator  control.  The  analysis  of  fliriht  t 3 Ue  S lnternal|y  preset  and  independent  of 
the  programmer  in  determining  ^ the  of 

and  g loading™'  t?tliLde'l^TwfJ^{nfb^a‘^22,ne-r  drie,ermine  r°"  “gle,  airspeed, 
loading  the  flight  control  modes  us^  lo  mi?n, '"'T'-'  Ex“1*  <0r  9 
cal  to  the  ones  discussed  in  paragraph  2 a ( 1 ) Therefor  sth'  3 t tude'  and  airspeed  are  identi- 
is  to  evaluate  the  ability  of  the  programmer  to  reach f the'  ^3ry . ,purp?se  of  this  section 

g loading  for  a given  maneuver.  Except  as  noted  all  rec  fcheduled  roll  angle  and  scheduled 
system  performance  during  record  flights  only.  ' results  are  taken  from  demonstrated 

and  4 Octob^igTI ^The  modrtS  26  September  1974 

were  the  installation  of  low  pass  filters  in  the  V affectad  the  maneuver  presentations 

and  the  removal  of  airspeed  fnput into  he  aftiK  t Tf  ,0  el,minate  random  timer  resets 
modifications  are  discussed  in  the  following  paraS  aohfindme  h )h'  ius,if'ca,ion!;  for  these 
wht-r?  required  due  to  these  changes.  9 pa  a9raphs  dnd  the  data  Presentation  is  divided 

Programmed  Maneuver  Entry  Parametars  Tho  oka  * t 

a predetermined  point  in  space  at  a aiven  iw — 7T^~  be  ab  lty  of  the  target  to  arrive  at 

system  evaluation.  These  entry  parameters  for  CritlC3'  -tem  in  the  overal1 

in  Table  4,  and  it  may  be  assumed  that  similar  nprfnrma  pght  presentations  are  summarized 
and  alert  operator  is  in  control  of  the  aircTa  ? I m IS "J*  Wl"  relult  whenever  a competent 

,0,  depends  more  on  operator  shin  ™ Z 
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Number  of  Tested  Bank  Hold  Events  within  the  Specified  Range 


Bank  Attitude  Hold  Accuracy  Summary 
Profile  Flight  Data  from  6 May  1974  to  22  August  1974 


0 to  50  50  to  100  100  to  150  Above  150 

(Percent) 


Deviation  Range  of  Actual  Bank  Angle  from  Nominal  Bank  Angle 
(100  Percent  is  the  SOW  Tolerance  Limit) 

Note.  None  of  these  events  are  from  a maneuver  program  presentation 


Figure  34.  Bank  Attitude  Hold  Accuracy 


Number  of  Tested  Heading  Hold  Events  within  the  Specified  Range 


Heading  Hold  Accuracy  Summary 
Profile  Flight  Data  from  6 May  1974  to  22  August  1974 


25 


20 


Within  | Out  of 
Specification.  Specification 


15 


10 


5 


22  AUG 
15  AUG 
9 AUG 
6 AUG 
5 AUG 
3 AUG 

2 AUG 
29JUL 

3 JUL 
26JUN 

2 JUL 
12JUN 

30  MAY 

31  MAY 
30  MAY 


0 to  0.5 


14  AUG 

1 

1 

10  AUG 

1 

3 JUL 

1 

1 

8 JUL 

l 

4 JUN 

i 

1 

9 JUL 

17  MAY 

1 

11  JUN 

6 MAY 

1 

15  MAY 

I ■ “ ■ ■ | ■■ 

0.5  to  1.0  1.0  to  1.5 

(Degrees) 


Above  1.5 


Deviation  Range  of  Actual  Heading  from  Nominal  Heading 


Figure  35.  Heading  Hold  Accuracy 
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Pies§nta^oriJ^^^  Pictorial  representation  of  the  maneuver  presentation 

data  Points  are  given  in  Figures  36  and  37.  The  presentations  where  g washout  occurred  are 
circled  and  in  both  cases  the  cause  was  low  entry  airspeed.  The  presentations  covered  a 
considerable  portion  of  the  F-102  flight  performance  envelope 


oq  i i a co  Attitude_Durma  Programmed  Maneuvgrs,  During  the  record  flights  between 
29  July  and 16  September  1974,  the  FCSS  had  considerable  difficulty  attaining  the  scheduled 
pah  cno6  dur!ng  maneuver  Presentations.  This  problem  was  especially  apparent  in  aircraft 
FuDJ.°:  uhl?h  c°"slstent|y  maintained  a nominal  bank  angle  that  was  6 degrees  riqht  of  the 
scheduled  bank.  The  results  from  these  record  flights  are  summarized  in  Figure  38. 


. . , ff  . Analysis  indicated  that  the  bank  angle  offset  was  caused  by  a feedback  voltaqe 
which  affected  the  roll  attitude  circuitry.  This  voltage,  which  normally  is  zero  when  the 
elevens  are  aligned  became  zero  on  aircraft  FAD  602  only  when  a slight  offset  existed  in 
t . e|evons;  this  offset  caused  the  aircraft  to  seek  an  equilibrium  position  with  the  riqht 
wing  6 degrees  low.  During  nonprogrammed  flight  the  heading  hold  mode  automatically 
generated  a voltage  which  cancelled  this  offset  and  leveled  the  wings  (see  subparaqraph 
entitled,  L^ral/D]rectional  Control  Modes).  During  programmed  maneuvers,  however  the 
hK  ln*u0  ° °,f!se.t  v0  tage  was  disconnected  and  the  programmer  commanded  bank  anqles 
about  the  equilibrium  elevon  position,  which  was  6 degrees  wing  low.  Consequently  presen- 

tat'ons  with  right  turns  overshot  the  scheduled  bank  and  presentations  with  left  turn's  under- 
shot the  scheduled  bank. 


...  D».-Zhis  Problam  was  solved  by  checking  the  feedback  voltage  prior  to  each  flight 
with  the  PMTS  and  verifying  that  it  was  zero  when  the  elevens  were  aligned  This  procedure 
was  started  following  the  manned  record  flight  on  6 September  1974.  The  results  from  presen- 
tations made  after  this  procedural  change  are  depicted  in  Figure  39.  Although  more  data  points 
are  desirable  to  draw  statistical  conclusions,  the  results  indicated  that  if  the  aircraft  was  trimmed 
tor  level  flight  when  the  elevens  were  aligned,  the  system  did  maintain  the  preset  bank  anqle 
Aircraft  which  require  differential  elevon  displacements  for  level  flight  due  to  an  out-of-trim 
c°"d'tlon  can  ba  exPected  to  bias  the  bank  angle  during  a presentation.  The  ability  of  the 
hL,bb  to  maintain  the  nominal  bank  angle  during  presentations  is  also  illustrated  in  Figure  38 
The  similarity  between  the  programmed  results  of  this  figure  and  the  nonprogrammed  data 
P?1"*?  F'9ure  34  is  expected  since  the  roll  attitude  hold  segment  of  the  FCSS  is  identical 
in  each  case.  The  main  difference  in  the  two  sets  of  data  points  is  that  the  programmed 
presentations  were  consistently  made  at  bank  angles  above  60  degrees,  while  normal  roll  atti- 
tude hold  data  points  were  taken  between  0 and  60  degrees 


G Force  During  Programmed  Maneuvers.  The  maneuver  programmer  can  be 
preset  to  command  from  -1g  to  +8g  over  a time  interval  from  1 to  99  seconds.  Actual 
testing  covered  a range  from  2g  to  8g  over  intervals  from  10  to  20  seconds.  The  test  results 
of  primary  interest  involved  the  ability  of  the  control  system  to  attain  the  scheduled  g force 
(at  an  acceptable  rate)  and  to  hold  it  for  a specified  time  duration.  As  previously  stated  two 
sets  of  results  were  necessary  in  certain  instances  due  to  the  major  modifications  which  were 
made  prior  to  4 October  1974. 


The  test  results  used  to  initially  evaluate  g buildup  rate  are  presented  in  Fiqure 
40.  Tne  correlation  between  buildup  rate  and  altitude  is  caused  by  the  response  of  the  pitch 
trim  motor.  At  a given  airspeed,  the  amount  of  available  elevon  deflection  about  the  neutral 
tnm  position  is  limited.  If  a scheduled  g loading  requires  an  elevon  displacement  which  ex- 
ceeds this  limit,  the  pitch  trim  motor  must  move  the  elevon  equilibrium  position  so  that  the 
required  suiface  deflection  is  attainable.  The  pitch  trim  motor  moves  the  elevon  surface  at 
an  approximate  rate  of  1 degree  per  second.  Since  a given  g loading  requires  more  surface 
deflection  at  high  altitudes  than  low,  the  fixed  operating  speed  of  the  pitch  trim  motor 
causes  relatively  long  buildup  times  above  25,000  feet. 


66 


Maneuver  Presentation  Data  Points 
Depicting  Entry  Altitude 


Figure  36.  Maneuver  Programmer  (Entry  Altitude) 


Maneuver  Programmer  Bank  Accuracy  Summary 
Record  Flights  between  29  July  1974  and  6 September  1974 
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Figure  38.  Maneuver  Programmer  - Bank  Accuracy  (Prior  to  Modification) 
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Presentations  within  Stated  Range 


Maneuver  Programmer  Bank  Accuracy  Summary 
Record  Flights  between  10  September  1974  and  9 October  1974 


Within  , Out  of 
Specification  i Specification 


9 OCT 
9 OCT 
8 OCT 
4 OCT 
40CT 
10  SEP 

0 to  1 


' w ‘ ^ ^oi  4 to  o Above  8 
(Degrees) 

Deviation  Range  of  Nominal  Bank  from  Scheduled  Bank 


10  SEP 


Within  | Out  of 
Specification  i Specification 


° * * 10  a Above  8 

(Degrees) 

Deviation  Range  of  Actual  from  Nominal  Bank 


Figure  39.  Maneuver  Programmer  - Bank  Accuracy  (Subsequent  to  Modification) 


The  system  modification  which  disconnected  the  airspeed  input  to  the  artificial 
feel  system  allows  a larger  elevon  displacement  about  the  equilibrium  trim  position.  Build 
up  rates  observed  following  this  modification  are  presented  in  Table.  5.  No  significant  changes 
in  these  rates  were  noted  at  the  altitudes  tested,  however,  at  higher  altitudes  the  modifica- 
tion is  expected  to  produce  improved  g buildup  rates. 

The  ability  of  the  FCSS  to  attain  and  hold  a given  g force  as  commanded  by 
the  maneuver  programmer  is  depicted  in  Figure  41.  These  data  points  are  prior  to  the  modi- 
fication which  disconnected  the  airspeed  input  to  the  artificial  feel  system.  Theoretically, 
the  modification  should  have  negligible  effect  on  the  system's  capability  to  hold  a given  g 
force  and  this  tends  to  be  verified  by  the  post-modification  data  points  documented  in  Table 


It  must  be  noted  that  a phenomenon  labeled  g washout  occurred  during  two  of 
the  g force  data  points  described  above.  G washout  is  the  automatic  decrease  in  commanded 
g force  when  the  angle- of- attack  exceeds  18  degrees.  The  approximate  rate  of  decrease  is 
0.2g  per  degree  angle-of-attack,  exceeding  18  degrees,  and  the  typical  result  of  g washout  can 
be  seen  in  the  plots  of  QF  Record  Flight  No.  3 contained  in  Appendix  A.  The  primary  cause 
of  g washout  is  an  airspeed  too  low  for  the  commanded  g force.  The  low  airspeed  may  result 
from  low  presentation  entry  airspeed,  afterburner  blowout  during  a presentation,  long  program- 
mer timer  settings,  high  presentation  altitude,  or  any  combination  of  these  factors. 

Programmed  Maneuver  Recovery  Modes.  At  the  termination  of  a programmed 
maneuver,  the  aircraft  can  be  returned  to  straight  and  level  flight  automatically  by  the  all 
attitude  recovery  system  or  manually  by  the  FGS  operator.  The  various  modes  of  the  all 
attitude  recovery  system  are  illustrated  in  Figure  42,  and  all  of  them  except  modes  3 and  6 
have  been  tested  satisfactorily.  The  vertical  recovery  modes  have  not  been  tested  due  to 
safety  of  flight  considerations.  The  SOW  specifications  require  that  only  +60  degrees  of 
pitch  be  demonstrated  and  the  vertical  recovery  modes  are  operative  only  above  or  below 
70  degrees  of  pitch. 

Although  the  all  attitude  recovery  has  performed  as  expected  during  the  record 
flights,  there  have  been  two  serious  problems  involving  the  FCSS  which  are  closely  related  to 
the  recovery  modes.  The  first  problem  concerned  the  hydraulic  elevon  package  (HEP  valve) 
which  converts  electrical  or  mechanical  inputs  into  elevon  deflections.  At  a given  airspeed 
there  is  a maximum  limit  that  the  elevon  can  be  displaced  from  its  neutral  trim  position. 

An  electrical  command  which  calls  for  displacements  exceeding  this  limit  may  cause  control 
of  the  aircraft  to  be  automatically  transferred  to  mechanical  stick  inputs.  Since  the  elevon 
deflection  limit  is  reduced  by  high  dynamic  pressures  or  by  commanding  nose  down  attitudes, 
this  transfer  of  control  (HEP  valve  lockout)  is  most  likely  to  occur  when  surface  down  com- 
mands are  present  at  high  airspeeds.  The  actual  sequence  of  events  is  described  in  Record 
Flight  No.  4 (Appendix  A). 

HEP  valve  lockout  has  resulted  in  excessive  g loading  (aircraft  FAD  601  on 
28  August  1974  and  aircraft  FAD  602  on  25  September  1974),  but  aircraft  response  during 
lockout  is  unpredictable  and  erratic.  Flight  conditions  conducive  to  lockout  occur  when  the 
aircraft  enters  recovery  mode  from  a high  g maneuver  since  one  elevon  receives  a large  surface 
down  command  (roll-out  plus  reduce  g).  This  problem  was  temporarily  alleviated  by  using 
the  second  phase  of  a programmed  maneuver  exclusively  to  reduce  g surface  down  command 
when  recovery  was  initiated.  The  final  fix  consisted  of  removing  the  airspeed  input  to  the 
artificial  feel  system.  This  removed  the  dependence  of  elevon  deflection  limit  on  increasing 
airspeed.  HEP  valve  lockout  was  not  observed  in  any  of  the  test  flights  after  the  final  modi- 
fication, but  it  still  is  a theoretical  possibility  when  high  roll  rates  and  reduced  g loading  are 
commanded  simultaneously. 
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Number  of  Presentations  within  Stated  Range 


Maneuver  Programmer  g Accuracy  Summary 
Record  Flights  between  29  July  1974  and  26  September  1974 


Within 


Out  of 


Specification!  Specification 


26  SEP 
4 SEP 
3 SEP 

15AUGI  I I15AUGI  . 1 26  SEP 


0.25  to  0.5  0.5  to  0.75  0.75  to  1.0  Above  1.0 


Deviation  Range  of  Nominal  g from  Scheduled  g 


_____  Within  i Out  of 

26  SEP  I Specification!  Specification 


0 to  0.25  0.25  to  0.5  0.5  to  0.75  0.75  to  1.0  Above  1.0 

Deviation  Range  of  Actual  g from  Nominal  g 

Figure  41.  Maneuver  Programmer  - g Accuracy 


RECOVERY  MODE  AREAS 


Area  3 


Area  6 


Figure  42.  All  Altitude  Recovery  System 


llz  -iixAiss  ra^:za=  i^sr 

LAMP  maneuver  ,s  depicted  in  Figure  43.  At  the  initiation  of  the  LAMP  maneuver  ihe  ar 

alth!dP  CheS|H°hn  5 ‘i169^65  W'th  3 MaCh  ho,d-°n-thro«le  reference  of  0.67M  The  initiation 
altitude  should  be  equal  to  or  greater  than  the  altitude  desired  for  the  low  altitude  preser 

.ation  phase.  A level-off  is  started  1300  feet  above  the  programmed  altitude  for  the  hioh 
speed  pass  and  subsequent  pull  up.  amxuoe  tor  the  high 

. * , . Tha  '°w  altitude  Phase  ca"  be  programmed  for  a time  interval  up  to  99  seconds 

ong.  Altitude  hold,  and  afterburner,  if  necessary,  are  turned  on  when  the  desired  altitude  is 
At  thedendTnf  Mach . hole  on-throttle  reference  can  be  programmed  between  0.2M  and  1 0M 

the  airspeed  is  ab'^e'TloTlAs'  V'th  UP-  S®-  Programmed  between  0 and  60  degrees  if 
me  airspeed  is  above  310  KIAS.  If  the  airspeed  is  less  than  320  KIAS  the  aircraft  enters 

the  automatic  takeoff  mode  even  if  a pull  up  has  been  programmed. 

The  LAMP  presentation  will  be  automatically  terminated  if  am/  r>f 
conditions  exist:  pimh  stick  out-of-deten,  command,  b Sup  F<Ss  en  autla  tic  taka' 8 

£» >r^P  r sia  n£Hk 

the  programmed  pull  up  will  occur.  u gea'  ror  tnese  cases 

. . , , . ^ue  to  the  time  constraints  of  the  testing  program  the  LAMP  svstem  was  nnt 
S,  H T,V  reCOrt,l^h'-  The  “urce  of  all  performance  information  was  engTneerL 
overpowered  telow"250  ?.«  ?' ',h9h'  DUrin9  <hiS  "i8ht  the  LAMP  SVS,Cm  was  ™»ually 

erpowered  below  250  feet  in  the  barometric  mode  and  below  50  feet  in  the  radar  mnl 

DurinTthe ^t|oTTlti!keeSDPh0nde?hln  b°thf  instances  by  entering  the  automatic  takeoff  sequence 
uring  the  low  altitude  phase  the  aircraft  maintained  400  KIAS  (0  R7M1  and  /inn  < u 

ground  level  as  programmed.  A scheduled  pull  up  to  40  degrees  of  nhch  w!  TrSf  I 6 

accomplished  following  the  high  speed  pass."  The" recovery ^ seance  resum^g  f^om  a^LOC 

with  failsafe  on  was  tested  during  the  second  half  of  the  flight  and  performed  properly^ 

Off  innir ( Un  A,Utomatlc  Takeoff/Abort/Landing/Takeof f Control  Mode.  The  automatic  take- 

hnlds  h h dl-TamkS  Sh°Wn  m F,gure  44‘  Chronologically  after  brake  release  the  aircraft 
holds  heading  with  rudder  until  150  KIAS  A bitch  rotation  of  n ZZL  f 

KlASe'heUaM"  T™*-  T*®  2°°°  ,ee’  above  9rou"d  above  240  KIAs"  ’ZTm 

level,  the  0,^275  ahspeed^n  Zb000  f°"  9r°Und 

tude  o,  20.0°0  fee,  MSL.  A,  this  point  aftitudf, hTSf.  eZ'  o Id^Stl'e0 (mVr'le 
250  KIAS)  are  engaged  with  a simultaneous  roll  command  of  +30  degrees.  ‘ 

Although  many  minor  changes  have  been  made  in  the  automatic  takeoff  fiinht 
perametets  throughout  the  test  program,  overall  the  system  has  pTrtoJTiSlS^ril^ 

No  2 fhnht9/.^  • flcudes  causecI  erratic  heading  control  during  takeoff  on  the  NULLO 
g u since  then  the  automatic  takeoff  sequence  has  not  malfunctioned. 

A takeoff  abort  command  given  below  150  KIAS  or  a i nr  „•  u* 

the  landing  gear  will  result  in  the  abort  sequence  being  initiated  The °L  9 ' °" 

HHF  - i ”■ =5s  SS SS 
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Figure  43.  Low  Altitude  Maneuver  Programmer  Operation 


Automatic  TAtoH 


Figure  44.  Automatic  Takeoff  Logic  Flow  Diagram 


At  the  start  of  testing  the  abort  sequence  did  not  operate  properly.  During 
takeoff  on  flight  QF-3-VI-1  (25  April  1974),  a takeoff  abort  command  was  sent  because  of 
a hot  hydraulic  oil  light  The  throttle  did  not  retard  and  this  caused  the  brakes  to  overheat 
and  subsequently  lock.  Two  blown  tires  resulted  from  this  abort.  On  14  June  1974  the 
abort  sequence  was  tested  at  speeds  of  20  and  50  KIAS  and  operated  satisfactorily.  In 
addition,  the  abort  sequence  was  tested  at  speeds  up  to  40  KIAS  before  each  aircraft  was 
cleared  for  its  initial  NULLO  flight.  Test  results  indicate  that  the  abort  sequence  now  op- 
erates properly  and  reliably. 

The  landing/takeoff  control  mode,  in  contrast  to  the  automatic  takeoff  and 
abort  modes,  was  designed  to  allow  manual  takeoffs  and  landings.  This  mode  provides 
displacement  proportional  roll  control  for  very  precise  bank  control.  Heading  hold  with 
rudder  is  simultaneously  engaged  and  the  control  stick  in  detent  causes  a wings  level  condi- 
tion instead  of  maintaining  the  existing  bank.  Skid  commands  are  available  in  the  landing/ 
takeoff  mode  by  using  the  trim  button  on  the  control  stick.  Taken  as  a whole,  the  landing/ 
takeoff  mode  has  performed  very  reliably  throughout  the  test  program.  Sensitivity  of  the 
nose  gear  steering  system  has  occasionally  caused  directional  problems  but  this  occurs  after 
touchdown  during  landing  roll.  Although  one  recovery  resulted  in  the  drone  going  over  the 
edge  of  the  runway  (160  feet  off  centerline),  the  remaining  recoveries  were  well  within  the 
SOW  requirements. 

(5)  Loss  of  Carrier  (LOC)  Mode.  The  loss  of  uplink  command  carrier  logic  flow 
diagram  is  shown  in  Figure  45.  If  weight  is  on  the  landing  gear  when  LOC  occurs,  the 
auto-abort  sequence  is  commanded  as  previously  described.  An  LOC  during  a maneuver 
presentation  does  not  take  effect  until  the  maneuver  is  completed  and  the  recovery  sequence 
places  the  aircraft  in  recovery  area  1 (pitch  angle  between  0 and  20  degrees).  Below  20,000 
feet  the  aircraft  follows  the  automatic  takeoff  sequence  heading  of  310  degrees.  At  20,000 
feet  attitude  hold  is  engaged  and  the  aircraft  enters  a right  30-degree  bank  orbit. 

Nearly  all  testing  of  LOC  sequences  was  accomplished  prior  to  the  NULLO  No.  1 
on  13  August  1974.  Tests  were  conducted  over  a wide  range  of  flight  regimes  and  aircraft 
configurations.  With  the  few  exceptions  noted  below,  LOC  tests  were  satisfactory  and  con- 
firmed the  system's  reliability  in  all  areas  of  flight. 

During  flight  QF-I-IV-60  on  8 July  1974,  a planned  LOC  following  a maneuver 
presentation  at  40,000  feet  resulted  in  a severe  compressor  stall.  The  airspeed  reference  at 
the  end  of  the  maneuver  automatically  went  to  250  KIAS  at  a rate  of  15  KIAS  per  second. 
The  throttle  movement  necessary  to  attain  this  airspeed  initiated  the  compressor  stall  and  the 
increase  in  throttle  as  250  KIAS  was  approached  severely  aggravated  the  stall  and  caused  the 
safety  pilot  to  take  control.  This  problem  was  solved  by  reducing  the  rate  nf  decrease  of  the 
referenced  airspeed  following  a maneuver  and  by  the  controller  reducing  the  rate  of  throttle 
movement  when  a throttle  position  change  was  commanded. 

It  should  be  noted  that  if  LOC  occurs  above  20,000  feet  in  the  transonic  air- 
speed region,  large  pitch  oscillations  (5  to  10  degrees)  may  occur  as  the  aircraft  tries  to  hold 
altitude.  This  was  verified  during  flight  QF-1-IV-5a  on  3 July  1974  when  a planned  LOC 
occurred  at  45,000  feet.  Because  of  this  problem,  all  maneuvers  which  are  not  subsonic 
at  maneuver  initiation  must  be  planned  so  that  a subsonic  airspeed  will  be  attained  at  the 
completion  of  the  maneuver. 

With  the  procedural  and  hardware  changes  described  above,  planned  LOC  demon- 
strations were  accomplished  on  the  first  seven  record  flights  at  altitudes  from  500  feet  AGL 
to  40,000  feet  MSL.  Results  indicate  the  LOC  control  mode  operates  properly  as  planned. 
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Evaluation  of  the  overall  results  of  test  and  record  flights  indicated  the  FCSS 
provided  the  positive  command  guidance  and  flight  performance  necessary  for  the  PQM 
target  mission  and  complied  with  the  requirements  outlined  in  the  SOW. 

(6)  Backup  FCSS.  The  Backup  FCSS  signals  from  an  independent  vertical  gyro 
to  send  proportional  rate  pitch  commands  and  displacement  proportional  roll  commands 
which  bypass  the  autopilot  circuitry.  The  backup  FCSS  was  tested  successfully  on  several 
flights  and  on  PQM  Record  Flight  No.  1 (13  August  1974).  Failure  of  the  pitch  trim 
actuator  caused  the  backup  FCSS  to  be  used  for  recovery.  Operation  of  this  system  during 
the  test  program  was  very  successful. 

b.  Command  Control  and  Telemetry  Systems 

The  airborne  system,  as  originally  proposed,  consisted  of  two  basically  independent 
subsystems  identified  as  the  forward  telemetry  and  aft  telemetry  systems.  Each  consisted 
of  two  stub  antennas,  an  antenna  switch,  a transponder  (Model  302C-2),  an  encoder,  and 
a decoder.  A single  PRF  generator  connected  to  one  system  was  used  to  initiate  downlink 
telemetry  in  the  absence  of  uplink  interrogation.  Problems  experienced  in  tracking  the  air- 
craft in  various  flight  attitudes  resulted  in  the  deletion  of  the  forward  telemetry  antennas 
and  switch  and  the  installation  of  a single  stub  antenna  on  top  of  the  aircraft  vertical 
stabilizer.  The  forward  system  was  redesignated  as  the  fin  system.  Command  and  telem- 
etry problems  necessitated  modification  of  the  decoder  and  upgrading  of  the  transponder 
to  a Model  302C-8,  modification  A,  having  more  sensitivity  and  output  power. 

For  evaluation  purposes,  flights  flown  after  18  April  1974  with  the  above  config- 
uration were  the  only  ones  considered.  Flights  flown  after  2 July  1974  utilized  Model 
302C-8,  modification  B,  transponders  which  improved  MGS  control  ability.  The  modifica- 
tion eliminated  transponder  automatic  gain  control  (AGC)  action  resulting  from  track  signals 
and  enabled  AGC  only  in  response  to  control  signals. 

The  ground  systems  consisted  of  the  FGS  and  MGS.  The  FGS,  located  in  the 
White  Sands  Missile  Range  Building  No.  1102  (King  I),  consisted  of  a dual  console  with 
suitable  telemetry  indications  (lamps,  meters,  and  indicators)  to  monitor  the  62  downlink 
telemetry  channels  (proportional  and  discrete)  and  with  a control  stick  and  switches  used 
to  select  the  52  uplink  command  functions  (proportional,  priority  discretes,  and  non-priority 
discretes).  Tables  6 and  7 identify  the  command  and  telemetry  channels.  The  console  also 
had  a monitor  test  set  used  to  compare  the  FGS  selected  command  to  the  command  actually 
transmitted  by  the  FPS-16  radar.  The  FGS  was  connected  to  two  White  Sands  Missile  Range 
FPS-16  radars  (R-122  and  R-123)  via  dedicated  hard  lines.  In  operation,  one  FGS  console 
was  connected  to  a radar  operating  in  the  control  mode  with  the  other  console  being  con- 
nected to  a radar  operating  in  the  track  mode.  Radar/console  selection  can  be  reversed  by 
control  switches  on  the  FGS  console. 

The  MGS  consisted  of  consoles  similar  to  the  FGS  which  were  connected  to  self- 
contained  radar  units  (primary  and  backup).  One  difference  was  the  split  mode  option 
which  enabled  the  appropriate  console  to  control  those  operational  systems  necessary  for 
the  particular  operator  to  control,  i.  e.,  yaw  and  pitch. 

Evaluation  of  the  flights  after  18  April  1974  considered  the  range  and  transfer, 
uplink  adequacy,  downlink  adequacy,  MGS/FGS  operations,  system  redundancy,  and  data 
recording/reduction.  The  most  significant  problems,  primarily  those  discussed  at  post  mission 
briefings,  are  the  only  ones  discussed  here;  problems  experienced  during  routine  preventive 
maintenance  efforts  and  those  prior  to  18  April  1974  are  not  considered  in  the  evaluation: 
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TABLE  6.  CHANNEL  ASSIGNMENTS  FOR  PROPORTIONAL  AND 

DISCRETE  UPLINK  COMMANDS 


Channel 

Name 

Channel 

Name 

Proportional  Uplink  Commands 

1 . 

1 

Pitch 

3 

Spare 

2 

Roll 

4 

Sparo 

Discrete  Uplink  Commands 

T — — 

1 

Speed  Hold  on  Throttle 

25 

Maneuver  Selector  Cl 

2 

Mach  Hold  on  Throttle 

26 

Maneuver  Selector  C2 

3 

Altitude  Hold 

27 

Scoring  On 

4 

Speed  Hold  on  Pitch 

28 

Scoring  Calibrator 

5 

Mach  Hold  on  Pitch 

29 

Hold-to-Arm 

6 

Automatic  Takeoff 

30 

Fail  Safe  On 

7 

Throttle  Stop  By-Pass 

31 

Guidance  Foreward 

8 

AGC  Disable 

32 

Backup  FCSS  On  j 

9 

Landing/Takeoff  Mode 

33 

Throttle  Increase 

10 

Gear  Up 

34 

Throttle  Decrease 

11 

Gear  Down 

35 

Reference  Increase 

12 

Emergency  Gear  Up 

36 

Reference  Decrease 

13 

Brakes  On 

37 

Afterburner  On 

14 

Speed  Brakes  Out 

38 

Pitch  Stick  Out 

15 

Chute  Deploy 

39 

Wings  Level 

16 

Hook  Extend 

40 

Line-of-Sight 

17 

Airstart  Ignition 

41 

Skid  Right 

18 

Left  Boost  Off 

42 

Skid  Left 

19 

Right  Boost  Off 

43 

Spare 

20 

Right  Tanks  Fuel  Quantity 

44 

Maneuver  Initiate 

21 

Smoke  On 

45 

Explosive  Destruct  Arm 

22 

UHF  Destruct  System  On 

46 

Explosive  Destruct 

23 

Backup  Generator  On 

47 

Maneuver  Destruct  Arm 

24 

Radar  Altimeter  Test 

48 

Maneuver  Destruct 

Note:  Channels  33  through  48  are  priority  commands 
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TABLE  7.  CHANNEL  ASSIGNMENTS  FOR  PROPORTIONAL  AND 

DISCRETE  DOWNLINK  DATA 


Channel 

Name 

Channel 

Name 

Proportional  Downlink  Data 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

Altitude 
Altitude  Rate 
Airspeed 
Mach 

Airspeed/Mach  Reference 

Pitch  Sin 

Pitch  Cos 

Roll  Sin 

Roll  Cos 

Heading  Sin 

Heading  Cos 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

Normal  Acceleration 
Engine  RPM 
EPR 

Exhaust  Gauge  Temperature 

Fuel  Quantity 

Destruct  Battery  Voltage 

Angle  of  Attack 

Radar  Altitude 

Spare 

Foreward  Telemetry  AGC  Level 
Aft  Telemetry  AGC  Level 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Discrete  Downlink  Data 


Altitude  Hold 
Airspeed  on  Pitch 
Airspeed  on  Throttle 
Mach  on  Pitch 
Mach  on  Throttle 
Landing/Takeoff  Mode 
Automatic  Takeoff  Arm 
Direct  Throttle 
Nosewheel  Steering 
Weight-Off  Gear 
Aft  Telemetry  Top  Antenna 
Switch  Position 
Altitude  Low  (7440) 

Throttle  Off 
Throttle  Idle 
Throttle  Military 
Throttle  Afterburner  Range 
Carrier  No.  1 (Foreward  Telemetry) 
Carrier  No.  2 (Aft  Telemetry) 
Command  Foreward  Telemetry 
Active  (Carrier  No.  1) 

Gear  Down  and  Locked 


21 

Hydraulic  Oil  Hot 

22 

Primary  Aircraft  Failure 

23 

Backup  Aircraft  Failure 

24 

DC  Power  Failure 

25 

Oil  Pressure  Low 

26 

Pneumatic  Pressure  Low 

27 

Fuel  Pump  Failure 

28 

Fuel  Low 

29 

Tank  Pressure  Low 

30 

Boost  Pressure  Low 

31 

Anti-Ice 

32 

Primary  Hydraulic  Failure 

33 

Secondary  Hydraulic  Failure 

34 

Gear  Unsafe 

35 

Fire 

36 

Stall  Warning 

37 

Fail  Safe  Arm 

38 

Destruct  Arm 

39 

Vertical  Gyro  Fail 

40 

UHF  Check  Channel 

}' 


^ ^ange  and  Transfer.  A primary  test  objective  was  confirmation  of  the  ability 
of  the  FGS  to  provide  positive  aircraft  command  control  for  all  flight  regimes  up  to  200 
nautical  miles  within  radar  I ine-of -sight  conditions  and  for  MGS  control  up  to  50  nautical 
miles. 


FGS  control  to  200  nautical  miles  was  attempted  on  two  occasions  (14  May 
and  16  May  1974).  On  the  first  flight,  control  was  maintained  for  200  miles  outgoing  but 
was  lost  during  a portion  of  the  return.  Analysis  of  radar  data,  aircraft  position,  and  terrain 
indicated  that  the  aircraft  evidently  went  below  the  radar  I i ne-of-sigh t during  the  turn  at  the 
200  mile  point  due  to  mountainous  terrain.  On  the  subsequent  flight,  the  departure  heading 
and  200  mile  return  point  were  altered  and  positive  command  control  with  short  downlink 
data  losses  was  confirmed  to  the  200  mile  point  and  back. 

MGS  control  to  50  (primary  radar)  and  to  10  (backup  radar)  miles  was  verified 
on  several  flights  and  MGS  control  up  to  124  miles  was  accomplished  on  one  occasion. 

Additionally  evaluated  was  the  ability  to  maintain  positive  command  control 
during  routine  FGS/MGS  handover  of  control  and  the  immediate  reestablishment  of  control 
in  the  event  of  FGS  or  MGS  failure.  FGS/MGS  data  correlation,  or  the  extent  of  agreement 
of  the  telemetry  received  by  the  MGS  and  FGS,  was  also  evaluated.  The  adequacy  of  the 
k MGS  X-Y  plot  board  used  to  obtain  a ground  track  while  the  PQM-102  aircraft  was  under 

i MGS  control  was  also  evaluated. 

On  one  occasion  failure  of  UHF  communications  just  prior  to  handover  created 
some  confusion  and  a smooth  handover  was  not  accomplished.  However,  controller  response 
was  such  that  the  series  of  LOC  were  all  less  than  1.5  seconds  and  the  LOC  maneuver  was 
not  initiared. 

Two  significant  FGS/MGS  handover  related  problems  were  experienced.  Once 
during  handover  the  FGS  was  unable  to  acquire  track  (downlink  telemetry  prior  to  assuming 
control).  It  was  also  found  that  the  MGS  could  not  acquire  track  when  the  FGS  was  in 
control.  The  situation  was  handled  by  having  the  MGS  go  to  track  mode  prior  to  the  FGS 
assuming  control.  The  problem  was  identified  as  an  aircraft  decoder  problem  (lack  of  track 
verification)  and  was  corrected. 

On  the  first  NULLO  flight  complete  data  loss  occurred  twice  (no  LOC)  The 
problem  was  eliminated  when  both  the  FGS  and  MGS  selected  the  forward  telemetry  system. 
Subsequent  analysis  indicated  that  during  backup  flight  control  system  operation,  when  the 
FGS  selected  the  forward  telemetry  system  and  the  MGS  selected  the  aft  telemetry  system, 
both  systems  would  remain  on  simultaneously.  A modification  was  incorporated  to  prevent 
operation  of  the  PRF  generator  with  the  forward  telemetry  system  unless  the  system  was 
selected  by  the  primary  controller.  This  eliminated  recurrence  of  this  problem. 

Operation  of  the  plot  board  was  adequate  despite  numerous  problems  with  its 
alignment  and  operation.  The  ground  track  obtained,  along  with  the  FGS/MGS  communica- 
tions and  the  MGS  operator's  familiarity  with  the  expected  PQM-102  approach  path,  always 
resulted  in  successful  visual  acquisition  of  the  drone. 

(2)  Uplink  Adequacy.  Uplink  adequacy,  described  as  the  ability  to  provide  desired 
commands  to  the  aircraft  FCSS,  encompasses  many  variables  between  the  activr  .ion  of  a 
switch  on  the  FGS  or  MGS  console  and  the  execution  of  the  command.  Evaluation  included 
the  ability  to  provide  positive  command  control  throughout  the  mission,  the  ability  to  provide 
several  commands  simultaneously,  and  the  ability  to  execute  only  desired  commands 


■ r - „ Although  the  downlink  telemetry  system  should  provide  an  indication  when  the 

r ft  \ 0t  ITT9  ?■  ld  command  Sl9nal<  't  was  found  that  in  the  event  of  marginal 
radar  tracking  the  downlink  telemetry  was  lost  prior  to  loss  of  uplink  control.  To  provide 

a positive  indication  of  uplink  loss,  a modification  was  incorporated  which  provided  a steadv 
audio  tone  transmitted  via  the  aircraft  UHF  radio  (ARC-34).  This  uplink  loss  indication  V 

operators'  ^ Va  Uab  6 t0  the  sround  control,er’  the  chase  pilot,  and  to  the  tracking  radar 

Positive  command  control,  or  the  ability  to  maintain  uplink  control  without 
!osses  of  greater  than  1.5  seconds  in  duration,  was  evaluated  on  54  flights  between  18  April 

than6i  reptemb,er  97f,  ,(N?te:  Loss  of  a valid  uplink  command  signal  for  periods  greater 

than  1.5  seconds  would  initiate  either  the  failsafe  or  the  LOC  orbit  destruct  sequence.) 

o ^ . ™0n  the  f"st  maximu™  range  evaluation  flight  while  under  MGS  control  a 
^second  LOC  occurred  at  a range  of  25  miles  and  again  at  49  miles  Sheehan  indiate 

While^^derhFGS^control  COntr?  3"d  continued  with  the  maximum  range  evaluation 

trni  w S co.nt1ro1'  L0C  occurred  at  a range  of  200  miles  and  the  pilot  assumed  con- 

.rol  for  a portion  of  the  return  flight.  As  previously  mentioned,  it  was  concluded  that  the 
aircraft  had  gone  below  the  FPS-16  radar  I ine-of -sight  due  to  mountainous  terrain 

der  Of  thp  fiinh9tniflCwm  L°C  (greatfr(  tban  15  seconds)  were  not  experienced  on  the  remain- 
der  of  the  flights.  However,  several  LOC-related  problems  did  occur.  On  one  occasion  durina 
chmbout,  the  aircraft  stopped  accepting  commands,  the  LOC  tone  did  not  come  on  and  the  9 
safety  pilot  assumed  control.  Analysis  revealed  an  intermittent  simulated  carrier  switch  The 
problem  was  eliminated  by  removal  and  replacement  of  the  switch.  It  was  noted  that  the 

swltehei0  ^ ' enC6d  3 PQM'102  fli9ht  Since  this  circuit  is  by  Passed  by  NULLO 

During  an  bOC  test  with  the  airspeed-on  pitch  command  selected  the  airrraft 
pitched  over  t0  attain  desired  airspeed.  The  system  disconnected  at  -2g  and  the  pilot 
assumed  control.  system  worked  as  designed  and  no  corrective  action  was  taken  If 
LOC  occurred  on  a PQM- 102  under  these  circumstances,  since  the  g-disconnect  is  disabled 
drone  recovery  would  depend  on  reestablishment  of  carrier  due  to  the  change  in  aircraft  ' 
position  and  the  FGS  controller's  ability.  9 aircratt 

tho  • Altitude  hold  problems  were  experienced  during  an  LOC  test  performed  while 

the  aircraft  was  transonic.  This  can  be  expected  in  this  region  due  to  air  pressurTvarTatlons. 

c imi ii ,>  The  abi,ijV  to  send  ,al1  and  on|y  desired  commands,  and  the  abiltiv  to  send 
simultaneous  commands,  was  evaluated  during  this  period.  No  record  was  kep/as  to  the 

maximum  simultaneous  commands  sent  but  six  to  eight  were  observed  on  several  occasions 

J es'9n  the  system  should  accept  all  52  commands  simultaneously.  No  known  problems 

command  related  nmhfpmT9  actlvat,on.  of  simultaneous  commands;  however,  the  following 
command-related  problems  were  experienced  during  several  missions:  9 

• One  console  of  the  FGS  caused  the  aircraft  to  fly  with  one  winq 
low  on  a mission.  Adjustment  of  the  accociated  FGS  format 
converter  corrected  the  problem. 

• While  under  either  FGS  or  MGS  control,  when  the  aircraft  speed 
brakes  were  closed,  the  LOC  command  was  received  (repeated 
several  times).  The  mission  was  aborted  on  the  runway.  An 
aircraft/ FCSS  grounding  problem  was  identified  and  corrected. 
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• The  nonpriority  discrete  commands  (from  FGS  or  MGS)  were 
inoperative  when  the  forward  telemetry  system  was  selected 
during  pre-flight  checks.  The  mission  was  flown  using  the  aft 
telemetry  system  only.  A defective  decoder  was  found  to  have 
caused  the  problem. 

) 

• The  FGS  could  not  command  the  speed  brakes  on  the  forward 
telemetry  system.  The  problem  could  not  be  identified  or 
duplicated  during  subsequent  ground  checks. 

• • The  FGS  had  difficulty  latching  on  the  landing/takeoff  command 

and  the  forward  telemetry  system  was  inoperative  during  this 
flight.  The  problem  could  not  be  duplicated. 

• The  FGS  was  unable  to  command  Mach-on-throttle  from  the 
primary  console.  A short  circuit  and  defective  diode  were 
found  and  repaired. 

• During  one  flight  the  MGS  wings  level  command  was  inopera- 
tive and  pitch-stick -out  was  used  to  execute  a wings  level 

k attitude.  The  problem  could  not  be  identified. 

• When  under  control  of  the  MGS  backup  radar,  the  forward 
telemetry  system  would  not  accept  the  altitude  hold  command 
on  two  occasions.  The  problem  was  identified  as  transmitter/ 
receiver  feed-through  in  the  aircraft  transponder  and  was 
corrected. 

• The  aircraft  afterburner  lit  during  the  landing  approach.  The 
problem  was  identified  as  an  undersized  noise  spike  or  voltage 
created  by  operation  of  the  speed  brakes.  The  spike  initiated 
maneuver  complete  action  including  automatic  takeoff.  The 
problem  was  eliminated  by  addition  of  a relay  and  re-routing 
of  the  associated  wiring.  According  to  the  prime  contractor, 
all  aircraft  have  had  this  modification  incorporated.  However, 
on  9 October  1974,  a similar  problem  occurred  on  a different 
aircraft  when  the  afterburner  lit  (uncommanded)  during  a 
touch-and-go.  The  problem  was  never  identified  or  duplicated. 

With  the  exception  of  the  afterburner  problem  in  the  preceding  paragraph, 
no  inflight  undesired  response  related  to  commands  were  identified.  Several  undesired  ' 
downlink  telemetry  responses  were  received  but  actual  occurrence  of  the  events  was  not 
confirmed.  This  is  discussed  in  a subsequent  paragraph  concerning  the  downlink  system. 

The  aforementioned  problems  indicate  a resistance  of  the  system  to  accept 
all  selected  commands.  However,  significant  mission  impacts  were  avoided  through  the 
experience  of  the  ground  controllers  and  by  the  system  redundancies.  The  accuracy  of 
the  commands  as  to  the  resulting  flight  maneuvers  is  covered  in  the  data  analysis  section. 
Judging  mission  performance,  it  appears  that  a sufficient  number  of  commands  were  avail- 
able to  achieve  the  desired  missions  and  that  the  desired  confidence  level  was  attained. 

(3)  Downlink  Adequacy.  Downlink  adequacy,  described  as  the  ability  to  maintain 
accurate  aircraft  telemetry  information,  includes  the  information  needed  by  the  ground 
controller  to  maintain  positive  command  control  of  the  aircraft  and  the  recorded  informa- 
tion required  for  analysis  of  aircraft  performance  to  insure  compliance  with  the  SOW. 
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Evaluation  of  the  recorded  telemetry  is  covered  in  paragraph  2.b.(6).  The  following  numerous 
downlink  telemetry  problems  were  experienced  on  several  occasions: 

• The  most  significant  problem  was  the  inability  of  the  MGS  to 
obtain  downlink  telemetry  when  the  aircraft  was  in  the  local 
pattern  and  FPS-16  radar  R-123  was  radiating  (track  or  control 
mode).  Radar  123  was  a 3-mega-watt  unit  with  a klystron/mag- 
netron as  opposed  to  radar  122  which  radiated  1 mega-watt  with 
a magnetron.  The  only  solution  was  with  radar  123  completely 
passive  during  this  period  of  the  mission.  The  exact  cause  of 
the  problem  was  not  determined. 

• The  FGS  experienced  significant  downlink  data  losses.  During 
most  of  these  periods  data  was  lost  on  both  consoles  and  for 
periods  up  to  30  seconds.  Figure  46,  a data  loss  summary  for 
the  record  flights,  shows  the  average  and  maximum  durations 
of  downlink  data  losses. 

• Fluctuating  or  intermittent  indications  were  observed  on  the 
altitude,  fuel  quantity,  airspeed,  Mach  reference,  and  g indicators. 

Offsets  between  FGS/MGS  telemetry  and  aircraft  indicators  were 
also  experienced.  Readjustment  of  the  aircraft  transponder  AGO 
level  corrected  the  offset  problem. 

• Temporary  destruct  arm  telemetry  indications  were  received.  No 
means  were  available  to  confirm  that  this  event  actually  took 
place.  It  was  suspected  that  lack  of  isolation  of  the  White  Sands 
Missile  Range  missile  flights  safety  destruct  box  (FGS  console) 
caused  the  problem. 

• The  HEFU  telemetry  (a  temporary  modification)  was  very 
noisy  making  analysis  of  the  destruct  qualifications  impossible. 

Improvement  of  the  modification  corrected  this  prob'em. 

• The  FGS  primary  console  attitude  indicator  was  upside  down 
until  the  aircraft  was  above  the  lower  altitude  telemetry  range 
(7500  feet).  The  problem  was  traced  to  a telemetry  patching 
problem  between  the  FGS  and  White  Sands  Missile  Range 
strip  chart  recorders. 

• It  was  also  discovered  that  downlink  data  losses  were  more 
prevalent  when  the  FPS-16  radars  had  their  skin  track  local 
oscillators  on.  The  local  oscillators  enhance  tracking  in  the 
event  the  transponder  reply  is  lost.  Correction  of  the  weak- 
ness was  procedural  by  using  a third  FPS-16  radar  on  skin 
track  slaved  to  R - 1 22  and  R-123  which  operate  with  their 
local  oscillators  off. 

In  summary,  downlink  adequacy  appeared  to  be  the  weakest  link  but  the 
losses  did  not  significantly  affect  mission  success. 
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at  tha  crc  ^ Operations.  Rather  than  a detailed  description  of  operations  occurring 

at  the  FGS  and  MGS  the  following  is  a listing  of  the  various  problems  that  were  experienced 
along  with  what  was  done  to  improve  efficiency  and  reliability  of  operations: 


cnc  Problems  were  experienced  during  pre-flight  command/telemetry  checks  between 
the  FGS  and  the  aircraft.  In  most  cases,  the  probable  cause  was  listed  as  multi-path  or  recep- 
tion by  the  aircraft  of  multiple  signals  (reflections)  from  the  FPS-16.  However  in  only  a few 
cases  was  the  problem  actually  traced  to  multi-path.  The  problem  diminished,  most  likely  as 
a result  of  improved  operational  techniques  and  improved  transponder  certification  procedures. 

I.,  v ^a<dar  ^3  was  In  the  control  mode  and  track  mode  simultaneously  (theoretically 
impossible)  during  pre-flight  checks.  The  problem  was  corrected  by  resoldering  several  connec- 
tions  m the  FGS  format  converter. 


For  a period  of  time  interference  was  experienced  between  the  MGS  UHF  radio 
and  its  backup  radar.  Relocation  of  the  antennas  apparently  eliminated  the  problem. 

Problems  were  experienced  at  least  twice  with  the  FGS/White  Sands  Missile  Ranqe 
telemetry  interface  (strip  charts)  but  were  resolved  prior  to  aircraft  takeoff. 


An  abnormally  high  number  of  FGS  problems  were  experienced  but  their  occur- 
rence during  missions  was  greatly  reduced  by  the  initiation  of  a weekly  preventive  maintenance 
ground  check  utilizing  R-122  and  R-123 

(5)  System  Redundancy.  The  redundancy  designed  into  the  command  control/telemetry 
system  to  insure  a high  degree  of  mission  reliability  was  broadly  evaluated  to  confirm  its  ade- 
quacy. The  following  is  a brief  description  of  the  redundant  subsystems  that  were  evaluated: 

The  aircraft  antennas  (two  for  the  aft  telemetry  system  and  one  for  the  forward 
telemetry  system)  were  designed  to  provide  a continuous  signal  to  their  respective  transponders 
for  various  aircraft  flight  attitudes. 

Two  transponder/encoder/decoder  combinations  provided  further  redundancy  for 
the  command  control/telemetry  system.  In  the  event  of  a loss  of  downlink  telemetry  due  to 
component  failure  or  a weak  downlink  signal,  the  alternate  system  could  be  selected  by  command 
In  the  event  of  a loss  of  uplink  car.ier  the  system  could  automatically  switch  to  the  alternate 
system.  Downlink  telemetry  indicated  which  downlink  system  was  selected  and  indicated  the 
reception  of  an  uplink  carrier  by  either  or  both  of  the  aircraft  transponders.  In  addition  the 
system  was  equipped  with  a PRF  generator.  This  unit,  when  activated  by  the  decoder  as  a 
result  of  LOC  on  both  aft  telemetry  and  forward  telemetry  permitted  the  encoder  to  output 
telernetry  data  in  the  normal  sequence.  Should  the  LOC  be  temporary,  the  controller  would 
be  able  to  maintain  a status  on  the  aircraft  functions. 

cdc  ic  ^ Redundancy  at  the  FGS  consisted  of  two  independent  consoles  and  two  separate 
h^'lb,radars'  Either  console  could  be  connected  to  either  of  the  radar  for  command  control 
while  the  remaining  console  was  used  only  to  monitor  downlink  telemetry  received  by  the  other 
radar  operating  in  the  track  mode.  A single  radar  could  not  be  simultaneously  connected  to 
both  consoles.  Redundant  power  supplies  were  used  for  the  FGS  consoles  but  neither  the  FGS 
nor  the  FPS-16  commercial  power  was  redundant. 


Redundancy  at  the  MGS  consisted  of  two  consoles  operated  either  singly  or  in  the 
split  mode  (as  previously  described).  Either  the  primary  (50-mile  range)  or  backup  (10-mile 
range)  radar  could  be  selected  for  use.  The  data  from  a single  radar  fed  both  MGS  consoles 
Kedundant  gasoline-driven  generators  were  used  for  electrical  power. 
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typical  problem  SSSrSS'SSiSriteSJ  iS^li^SSi'?hthe  redundancV  o'  «*  above  and 
requirements  were  listed  in  the  SOW  an  aDDarpntlx/Par|d9raPthS‘i  °i  su.mmarV'  while  no  specific 
operation  of  all  systems  appeared  to 'be  saSctoJy.  ^ redundancy  existed  and 

binary  information  which ' is9 output tfrom  * 1 ^ t6/HS°U rCG  3,1  downlink  data  is  serial 

tion  is  catalogued  and  checked  for  naX  3 m°du'ator/de  modulator  (MODEM).  This  informa- 
the  information  to  dfgi?al  to-Inaioq  conZnZ. ^hich  sub^^ntly  sends 
located  at  the  fixed  site.  The  output  of  the  riinftel' J * 9°}/ernment  furnished  tape  recorder 
recorders  and  may  also  be  recorded  on  mannotin  !3  't0^n^ lo?  converters  drives  strip  chart 
possible  sources  of  data  for  a specific  test  fliaht  arTa  desiredl  Consequently,  the  three 
tion,  strip  chart  recordings  containinq  analoa  ^nformatin™39"6,!10  t3pe  .contaimn9  digital  informa- 
taining  analog  information  9 9 ,nformat,0n-  and  an  optional  magnetic  tape  con- 

15  d'9'«"  da,a^LTonPea  gSemmnlTrSd  ™e„P,riTV  SOUr“  0f  downli"k  "igh,  da.a 

referred  to  as  digital  tape.  In  adS  magnetic  tape  recorder.  This  source  is 

instrumentation  group  (IRIG)  B timinq'on  senaratp  comTPand  information  and  inter-range 

available  from  the  digital tape  are  ToL in 6 a"dt  Pm  u?’ink,a'?d  ‘'“""'ink  data 
tain  10  bits  of  information  (accuracy  0 3 nerrant  d ProP°.rtl0nal  data  channels  con- 
on  data  analysis  is  discussed  in  Appendix  B.  * 1 m63n  Square)<  and  the  imPact  of  this 

ware  problems  ^SperificaMy  9rconhtin2ousa stream  ^f  d^Vi' W8S  n0t  available  due  t0  hard- 
converter  and  this  problen/persisted  until  a comnrp^nr9!!,3  data  a3!,  ?0t  provided  bV  the  format 
the  deficiences  were  removed  from  the  compressor  it  nrZfri  pr°'('ded  by  a subcontractor.  After 
digrtal  data  an  excellent  source  of  flight  information  tL,,ughout^heTs,rprog™nd  m3de  <he 

mary  FGS  JSfe  wafrecS'on  s.Hn'SI1',  Up"nk  and  d0™'li"k  information  from  the  pri- 
This  data  was  accurate  wrthin 6 percent^nri  ITS"9  Chann<?  ,a  ra,e  of  °-5 
performance  following  a mission  P The  strin  chart  3 qulckl,ook  evaluation  of  flight 

information  in  the  fliqht  test  nLram  anHP  l Reorders  were  the  most  reliable  source  of 

when  other  data  sources  were  inoperative.  Pr°V6  ° 6 Inva  uable  dunn9  many  early  missions 

was  analog  data^record^d^h  n^agn^c1  ta^^hrs  so^irrpC£UP  sofurce,of  downlink  flight  data 
or  van  tape  since  the  recordinT^as  made  0uS  theT™?  35  the  anal°9  tape 

Only  16  channels  of  information  were  available  ucinn  th?9  co™p,ex  lp  a lar9e  mobile  van. 
to  be  transmitted  from  the  primary  FGS  console  3nd  the  data  was  retluired 

the  digital  tape  data  for  analyst necessary a S'  ' .f3'?9  t3p!  was  ,ntended  to  replace 
digital  magnetic  tape  provedtobe  verv  rpJilhfp  H.r  ^CU?te  w,thm  3 percent-  Since  the 
the  analog  tape  was  deleted  after  NULLO  No  2^0  "2V  August  igy^’  th®  requlrement  for 

command  fli9h«a  indicated  fha.  ,he 

MGS/FGS  could  operate  on  the  same^rPnnPncv  .nH  t sat  sfacJorV  operation  and  that  the 
accomplished  without  interruption  of  Dos?tive  fMnM  dcnntnSfer/o\etW3er  stat,ons  could  be 
downlink  of  data;  (3)  ^*7.,,"' 9for  fh^' X 

«.cal  miles,  respectively;  and  (4)  compliance  with  the  requirements  outhn^in  *e  sw"311' 
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c.  Aerospace  Ground 

All  QF/PQM-102 
Holloman  Air  Force  Base: 


Equipment  (AGE) 

peculiar  AGE  items  listed  below 


were  evaluated  and  utilized  at 


System  Test  Bench  (STB) 
Premission  Test  Stand  (PMTS) 
Engine  Control  Unit  (ECU) 
Brake  Control  Test  Set 
Radar  Simulator 
Target  Group  Simulator 


hfhioh  and  I„1  h 8 reference  C0",IJU'W  (FRC),  air  data  computer  (ADC)  both 
ine  nign  and  low  altitude  maneuver  programmers  and  the  MD  1 attitude  tL 

dures,  average  test  times,  and  patchboard  requirements  are  shoJn  in  Table  8 Pr°C6' 


TABLE  8.  SYSTEM  TEST  BENCH  DEMONSTRATED  TEST  CAPABILITIES 


Unit 

Procedure 

No. 

Average  Time 
(Hours) 

Patchboard 

Present 

Capability 

FRC 

5320-10742 

24 

FRC 

Full 

IFC 

5320-10744 

12 

IFC 

Full 

High  Altitude 
Maneuver  Programmer 

5320-10745 

20 

ADC 

# 

Low  Altitude 
Maneuver  Programmer 

5320-10746 

24 

ADC 

* 

ADC 

5320-10747 

10 

ADC 

Full  if  TTU- 

MD-1  Attitude  Gyro 

IT  43550-1 

2 

SYS 

205  available 
Full 

System  Test 

Not  Available 

Unknown 

SYS 

Limited 

* Full  capability  if  a 
is  available. 

storage  oscilloscope,  strip  chart  recorder,  or  X-Y  plotter 

* 


e 


I 
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0 Deration  of  the  STB  required  an  assortment  of  precision  test  equipment.  A 
list  of  this  per'pheral  test  equipment  and  where  it  was  used  is  shown  in  Table  9. 

-r  The,re  _were  only  three  hardware  Problems  associated  with  the  STB  after  June 
1974.  Two  resulted  in  design  changes  and  the  third  was  a ± 15-volt  direct  current  internal 
reference  power  supply  failure  in  STB  Serial  No.  002. 

In  the  fut“re  t0  increase  the  STB  productivity,  a full  complement  of  precision 
test  equipment  should  be  assigned  to  each  bench.  This  should  include  each  item  in  Table  9 
except  the  Tektronix  211  oscilloscope  and  X-Y  plotter.  These  items  should  be  replaced  with 
a dual  trace  storage-oscilloscope  for  each  bench.  Also,  the  top  shelf  on  the  STB  is  not  deep 
enough  to  safely  hold  most  of  the  test  equipment  that  is  used.  The  shelf  should  be  modified 
or  the  equipment  should  be  mounted  in  an  equipment  rack  alongside  the  STB. 

(2)  Premission  Test  Stand  (PMTS).  The  PMTS  was  used  to  evaluate  QF/PQM-102 
aircraft  systems  prior  to  flight.  It  consisted  of  a mobile  (trailer-mounted)  unit  to  house  all 
the  equipment  and  was  electrically  connected  to  the  aircraft  by  five  40-foot  cable  assemblies. 

At  er  the  PMTS  was  connected  to  the  aircraft  under  test,  a comprehensive  test  procedure  was 
utilized  to  evaluate  each  of  the  aircraft  subsystems.  Operator  controls  for  application  of 
electrical  stimuli  and  measurement  of  resulting  electrical  responses  were  provided  on  six  panels 
These  panels  were  the  command  panel,  data  panel,  system  test  pane!,  indicator  panel  engine 
control  panel,  and  brake  control  test  set.  In  addition,  there  was  an  intercom  panel  to  provide 
operating  personnel  with  communications. 

The  command  panel  provided  the  means  for  operator  selection  and  control  of 
discrete  and  proportional  command  inputs  to  the  QF/PQM-102  aircraft.  It  was  identical  to 
the  command  panel  used  in  the  FGS  and  MGS. 

i . data  Panel  Provided  readout  of  the  aircraft  telemetry  data  and  was  equiva- 

MGSt0  the  C°Ckpit  mstmments-  !t  was  a|so  identical  to  the  data  panel  used  in  the  FGS  and 

. test  Panel  Provided  test  point  monitoring,  an  AC  voltage  stimulus 

source,  and  two  DC  voltage  stimulus  sources.  It  also  provided  lamps  to  indicate  discrete 

fro3thedSaircrftWere  t0  ^ a'rCraft  and  lamps  t0  indicate  the  discrete  command  response 

The  indicator  panel  was  connected  to  telemetry  data  points  picked  up  from  the 
pallet  assembly  junction  box  prior  to  routing  to  the  airborne  telemetry  system.  These  functions 
were  monitored  on  a built-in  precision  digital  multimeter  (Fluke  Model  8110A)  for  precise 
measurement  and  routed  to  and  displayed  on  the  data  panel.  The  data  panel  readouts  were 
then  directly  compared  to  the  raw  sensor  data  that  was  being  measured  on  the  system  test 
panel.  Aircraft  vertical  gyro  and  directional  gyro  functions  were  measured  on  an  attitude 
position  indicator  as  well  as  simulated  by  the  indicator  panel.  The  indicator  panel  also  pro- 
vided switching  to  monitor  the  analog  command  signals  on  the  digital  voltmeter  to  evalute 

iSfnf'ISh?  SUr?^e  resP°?e  VeTUS  !he  command  inPut-  Static  response  to  discrete  commands 
were  either  read  directly  from  the  data  panel  or  by  the  digital  voltmeter.  Responses  were 

monitored  from  many  points  in  the  system,  from  the  initial  input  to  the  final  output. 

o mi  ^ The  engine  control  panel  and  brake  control  test  set  are  discussed  in  paragraphs 
2.a.(J)  and  2. a. (4). 
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TABLE  9.  SYSTEM  TEST  BENCH  TEST  EQUIPMENT  REQUIREMENTS 


MP:  Maneuver  Programmer 
MD-1:  MD-1  Attitude  Gyro 


ear,  nnrtinnn^h^15  SeriaJ  ^ 3090001  and  30100002  were  used  extensively  during  the 
a ly  portion  of  the  program  for  engineering  evaluation  and  troubleshooting  of  the  FCSS  and 
aircraft  electrical  systems,  and  for  the  development  and  verification  of  premission  test  proce- 

checks  AM'thrL TMTqT%?eHPrima^  performin9  P°st  PMQ  102  conversion  ground 

check j All  three  PMTS  (a  third  unit,  Serial  No.  4090003,  was  received  in  September  1974) 

were,  to  a greater  extent,  utilized  to  perform  routine  premission  testing  of  QF/PQM  102  aircraft 

ina  the  FPS^-  S?  — PMTS  dffJciency  was  the  lack  of  appropriate  test  equipment  for  test- 
ing the  FCSS  via  the  command  telemetry  system  RF  section.  The  method  currently  used  to 

perform  a system  test  of  this  nature  is  to  use  the  MGS  to  generate  the  commands  and  monitor 
the  responses  while  the  PMTS  is  being  used  simultaneously  to  evaluate  the  system  performance 
a ZllT.'r.  llT  ? ,a„valuabl,c  piece  °!  optional  ground  equipment  and  provide 

at  M power  6 S'9  t0  S'mU  3te  r3n9e  b6CaUSe  the  MGS  radars  can  on|V  be  operated 

Maintenance  of  the  PMTS,  with  the  exception  of  the  40-foot  electrical  cablp 
assemblies,  was  minima  I The  largest  maintenance  item  during  the  DT&E  program  was  modi- 

he  Ss  Th»„a  ,eSUl*  & Chan9K  ,0  aircr8,,  and  **  <»  improvement  ™dett 

? la  57  percent  reduction  in  the  number  of  modifications  during  the 

“?°"d  5 ^?nths  of  the  Program  as  compared  to  the  first  5 months  (Table  10).  Also  there 
was  a significant  decrease  in  the  complexity  of  modifications. 


. . T.he  on|y  maior  maintenance  problem  associated  with  the  PMTS  was  bent  broken 

rra1tTmHprdtPltnS  Th™6  £?nne“tors  on  the  40-foot  cable  assemblies  which  connect  to  the  air-  ’ 
craft  under  test  The  cables  assigned  to  PMTS  Serial  No.  3090001  had  24  recorded  Din  fail 

re“lv  pari  of  The  nl°„r30'000<i2  ,had  16  rec°rded  pin  "oTed  Ihat 7ur[n 

the  early  part  of  the  program  pin  failures  were  not  always  recorded.  A failure  of  this  naturp 

was  edher  eorrented  with  a quick-fix  (the  pin  was  not  replaced)  which  frequently  resulted  T 
the  pm  failing  again  at  a later  date,  or  the  PMTS  was  taken  out  of  service  there  were  no 
spare  cables  while  the  cable  was  repaired.  ' ° 

,nH  nnp  nr  the  PMTS  was  used  successfully  to  premission  test  four  PMQ-102 

caoabilitv  to  *0h  3 t0t3'  °f  23  dr0ne  missions-  With  the  addition  of  the 

for  operational  use  FCSS  V'3  ^ COmmand  telemetrV  system,  the  PMTS  will  be  suitable 

testinq  the  OF^inM  thal test  ^uipment  be  added  to  the  PMTS  to  facilitate 

testing  the  UF/FQM-102  FCSS  via  the  command  telemetry  system  RF  section  Also  a 

= SSS  ttsr ~ correction  ^fS<cable 

prior .j.x?  Th?;i  svct^ 

monitonng  start  control,  ignition  control,  throttle  control,  AC/DC  power  monitorinq  failure 

warning  indication,  and  auxiliary  control  elements.  No  external  power  is  required  for  the 
ECU  as  all  power  used  is  derived  from  the  aircraft.  requireo  tor  tne 


c o There  were  four  engine  control  panels  assigned  to  the  oroaram  at  Holloman  Air 
insSpH956'  °"e  mStaMed  in  itS  0Wn  case  and  c la*i«ed  as  an  EcK9r^rn 
uspH  m h p,rem'ssl0r?  test  sta.nds.  The  three  units  installed  in  premission  test  stands  were 
ThpdQpt?nCfeCk°Ut  .winn£  associated  with  aircraft  engine  functions  during  the  premission  test 
These  units  were  interchangeable  with  the  engine  control  panels  in  the  ECU. 
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Maintenance  of  the  engine  control  panel  was  required  because  of  modifications, 
either  as  a result  of  design  changes  to  correct  the  unit's  operation,  changes  made  to  the  air- 
craft, or  internal  failures.  Repair  of  the  engine  control  panels  was  generally  in  response  to 
random  internal  failures  or  damage  caused  by  aircraft  problems  reflected  into  the  engine  con- 
trol panel  affecting  its  circuits.  Also,  there  were  apparent  failures  as  a result  of  aircraft  prob- 
lems. In  these  cases,  the  engine  control  panels  were  checked  out  in  the  components  test  lab 
then  verified  operational  on  another  aircraft.  A listing  of  the  number  of  maintenance  actions 
on  each  engine  contro.  panel  is  shown  in  Table  11. 

Operations  involving  the  engine  control  panels  have  evolved  from  completely  un- 
satisfactory to  very  satisfactory  during  the  DT&E  program.  ECU  operation  was  without  fault 
in  support  of  all  unmanned  flights. 


It  is  recommended  that  a test  fixture  be  developed  to  facilitate  testing  the  engine 
control  panels  in  support  of  a periodic  inspection.  This  would  also  eliminate  the  need  to  verify 
the  engine  control  panels  operation  on  another  aircraft  when  an  apparent  failure  is  suspected 
of  being  an  aircraft  problem. 

Also,  an  additional  exhaust  gauge  temperature  indicator  should  be  installed  with 
a range  that  starts  at  100  degrees  Centigrade.  This  would  facilitate  more  efficient  monitoring 
of  the  remote  engine  start  and  give  a better  indication  of  engine  ignition. 

(4)  Brake  Control  Test  Set.  Both  brake  control  test  sets  (Serial  No.  101  and  102) 
provided  continuous  service  during  premission  testing;  however,  during  the  QF  inspection  of 
test  set  No.  102,  wiring  was  found  which  did  not  meet  MIL-SPEC-2597539-1  requirements. 

There  was  only  one  recorded  failure  against  the  brake  control  test  set.  On 
7 October  1974,  an  IN961B  diode  failed  in  unit  No.  102.  Operation  of  the  brake  control 
test  set  was  satisfactory  thereafter  and  all  test  objectives  were  met. 

(5)  Radar  Simulator.  The  two  radar  simulators  (Serial  No.  154  and  143)  were 
successfully  operated  by  prime  and  subcontractor  personnel  in  performing  the  following 
functions: 

•Weekly  maintenance  inspections  and  troubleshooting  of  the  MGS. 

•White  Sands  Missile  Range  pre-flight  transponder  check.  This  test 
was  scheduled  within  24  hours  of  each  PQM-102  flight. 

•Troubleshooting  of  the  command  and  telemetry  system  in  the 
QF/PQM-102  aircraft. 

* Bench  check  and  troubleshooting  the  command  and  telemetry  system 
in  the  RF  lab. 

Ktr'c  . Procedures  designed  specifically  for  using  the  radar  simulator  to  checkout  the 
MGS  and  airborne  command  and  telemetry  system  have  not  been  developed.  Rather  a 
manual  (Reference  1)  which  contained  a general  description  of  the  unit,  its  theory  of  opera- 
tion, operating  procedures,  and  maintenance  instructions  was  used.  This,  in  addition  to  the 
complexity  of  the  unit  and  the  systems  it  was  used  to  test,  required  operating  personnel 
with  a high  level  of  expertise  in  the  field  of  RF  propagation  and  digital  systems. 


Reference 

Handbook  of  Instructions  for  Model  616C-4  Radar  Simulator.  Vega  Precision  Laboratories 
Inc.,  Vienna,  Virginia. 
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TABLE  11.  ENGINE  CONTROL  PANEL  MAINTENANCE 


Engine  Control  Panel 
No.  309000 X 

l(1> 

2 

3 

4(2) 

Location 

PMTS  No.  1 

ECU 

PMTS  No.  2 

PMTS  No.  3 

Modifications 

3 

10 

10 

0 

Repairs 

2 

12 

0 

0 

Total  Maintenance 
Actions  per  Unit 

5 

22 

19 

0 

Note:  (1)  Engine  control  panel  No.  3090001  was  returned  to  the  prime 

contractor  for  testing  and  evaluation.  The  engine  control  panel 
was  upgraded  to  a Modification  B before  being  returned  to 
Holloman  Air  Force  Base;  consequently,  there  are  no  mainten- 
ance records  prior  to  July  1974  available. 

(2)  Engine  control  panel  No.  3090004  arrived  at  Holloman  Air 
Force  Base  in  October  1974. 


There  was  only  one  radar  simulator  failure  recorded  during  the  program.  On 
1 October  1974,  simulator  No.  143  was  found  to  have  low  power  output  from  its  transmitter. 
The  unit  was  returned  to  the  subcontractor  for  repair. 

It  is  recommended  that  reference  be  made  to  the  applicable  operating  procedures 
in  the  manual  (Reference  1)  in  the  QF/PQM-102  Mobile  Ground  Station  Weekly  Checkout 
Procedures. 

(6)  Target  Group  Simulator.  The  target  group  simulator  (Serial  No.  0011)  was  suc- 
cessfully operated  by  prime  and  subcontractor  personnel  to  troubleshoot  and  perform  weekly 
inspections  on  the  MGS.  Procedures  designed  specifically  for  using  the  target  simulator  to 
checkout  the  MGS  have  not  been  developed  and  a manual  (Reference  1)  was  used.  There 
were  no  failures  recorded  against  the  target  group  simulator  during  the  program. 

It  is  recommended  that  reference  be  made  to  the  target  group  simulator  in  the 
QF/PQM-102  Mobile  Ground  Station  Weekly  Checkout  Procedures  where  it  is  used.  This 
should  include  hookup  instructions  and  reference  to  applicable  operating  procedures  in  Section 
3 of  the  manual  (Reference  1). 

Evaluation  of  the  overall  AGE  performance  indicated  the  AGE  supported  the 
test  program  in  a satisfactory  and  timely  manner  and  complied  with  the  requirements  outlined 
in  the  SOW. 
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d.  Miscellaneous 


(1)  Backup  Power  Systems  (FGS/MGS/PQM-102).  The  FGS  is  powered  by  several 
electrical  power  sources.  Each  console  contains  several  power  supplies  dependent  upon  com- 
meraa  1 15-volt  AC,  60-cycle  power.  In  addition,  two  government  furnished  28-volt  DC  and 
lib-volt,  400-cycle  power  sources  are  required.  A switchover  circuit  allows  operation  of  both 
consoles  from  a single  28-volt  to  115-volt  supply  in  the  event  of  one  failure.  All  of  the  above 
are  dependent  upon  commercial  power  for  which  there  is  no  backup  or  redundant  system. 

Tests  conducted  to  evaluate  the  switchover  circuits  and  the  ability  to  maintain  positive  com- 
mand  control  of  the  aircraft  indicated  satisfactory  operation. 

i i Jhe  contains  two  independent  gasoline-powered  generator  systems  (6.5 

kilowatts)  which  provide  115-volt  AC,  60-cycle  power,  115-volt  AC,  400-cycle  power  and 
28  volt  DC  power.  Automatic/manual  switchover  is  provided.  The  ability  to  provide  ade- 
quate power  for  30  minutes  continuous  operation  of  all  critical  command  control  equipment 
necessary  for  safe  recovery  of  the  QF/PQM-102  was  evaluated  and  operation  was  satisfactory. 

The  PQM-102  contains  two  government  furnished  lead-acid  24-volt  36  ampere 
hour  batteries  in  addition  to  the  basic  F-102  backup  power  systems.  The  ability  to  provide 
DC  essential  busload  and  power  for  all  essential  flight  functions  in  the  event  of  DC  generator 
failure  and  the  ability  to  provide  a warning  signal  to  the  FGS  to  indicate  an  AC  or  DC  qener- 
pe°formUre  W3S  eva*uatec*-  Ground  tests  and  in-flight  failures  experienced  indicated  satsifactory 


DIGIDOPS.  System  problems  were  identified  early  in  the  evaluation  proqram 
which  contributed  to  establishment  of  an  artificial  dead  zone  (35-foot  radius  around  each 
antenna).  The  first  problem  was  the  physical  separation  between  antennas.  Actual  antenna 
separation  on  the  aircraft  is  39  feet  which  could  create  a cross  talk  situation.  The  second 
problem  was  due  to  the  size  of  the  F-102  and  the  large  number  of  inspection  panels  causinq 
excessive  noise  to  be  generated.  This  problem  was  significantly  alleviated  by  placing  tape  over 
loose  panels  and  hinge  plates  in  the  immediate  vicinity  of  the  scoring  antennas.  One  sortie  was 
flown  during  the  latter  portion  of  the  test  program  which  provided  for  a reduced  dead  zone 
rvrc  c **  uUSIn9  3 Afferent  scorin9  technique.  This  technique  was  further  evaluated  during 
UI  &E  of  the  target  system.  Actual  scores  are  computed  within  the  dead  zone  by  mathemat- 
ical computation  utilizing  missile  velocity  and  time  within  the  zone. 

..  Evaluation  of  system  accuracy  was  accomplished  by  comparing  DIGIDOPS  miss 

d'stances  to  cinetheodohte  optic  data  obtained  during  a series  of  High  Velocity  Air-Launched 
Hockets  (HVAH)  and  AIM  series  missile  firings.  The  precise  comparison  of  scoring  data  was 
complicated  by  the  different  reference  points  used:  (1)  DIGIDOPS  distance  is  referenced 
to  the  antenna  closest  to  the  incoming  missile;  (2)  optical  data  references  to  the  center  of 
the  engine  exhaust  or  the  nose  of  the  PQM-102  aircraft,  depending  on  which  is  requested  by 
the  user;  and  (3)  missile  references  are  the  missile  plume  or  the  nose  cone  for  optical  data 
and  the  missile  reflected  RF  energy  for  DIGIDOPS  data. 

Dn,.  . Score  comparisons  from  a series  of  HVAR  and  AIM  missiles  launched  at  the 
PQM-102  aircraft  at  Holloman  Air  Force  Base  between  September  and  December  1974 
are  shown  in  Tables  12  and  13. 

It  should  be  noted  in  connection  with  the  scores  shown  in  Tables  12  and  13 
particularly  those  within  35  feet,  that  the  delta  between  the  optics  and  DIGIDOPS  final 
miss  distances  was  converging  because  data  reduction  techniques  were  improving  over  the 
evaluation  time  span.  Therefore,  it  is  possible  that  an  error  of  -1.5  feet  to  +2  5 feet 
existed  between  the  two  miss  distances.  However,  both  could  be  correct  due  to  the  dif- 
ferent reference  points  used. 
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TABLE  12.  HIGH  VELOCITY  AIR-LAUNCHED  ROCKET 
(HVAR)  MISS  DISTANCES  (FEET) 


DIGIDOPS 

OPTICS 

140 

238 

* 

172 

* 

100 

140 

137 

* Failure  to  score  on  two  HVAR  firings  is  undetermined. 
However,  the  slow  closing  velocity  of  the  HVAR  is  one 
suspected  cause. 

TABLE  13.  AIM  MISS  DISTANCES  (FEET) 


t 


l 


PQM102l3ic?afr1hid basic  FSin?h„l,ln  °r,dCr  L°  °b,a'n  “tisfactorv  braking  action  on  the 
T»,h  I/  a'rc/aTt'  the  basic  F-102  brake  system  had  to  be  modified.  Additions  included 
wheel  speed  transducers,  solenoid  shut-off  valves,  brake  relay  valves  a servo  valve  and  a 

rr  hrXCOn,aml"9  el'c,,onic  Circuitry.  Braking  action  is  accomplish  by  the  Wtiation 
of  the  brakes  on  command  via  the  normal  command  system.  The  brake  system  aDDlies  thp 

.or  small  ^c^^'rai^sra^r  SST’ 

corrections  (via  command  system)  are  required  to  maintain  a constant  heading.  9 

Initially,  problems  were  experienced  with  this  system  which  reauired  sevpral 
minor  design  changes.  Subsequently,  the  system  worked  very  effectively  and  design  obipr 

Is  vre:ert-  lhe  etfoec;iveness  of  the  syste™  for  landing on St  ^rlway  was  not 
evaluated  during  the  DT&E  at  Holloman  Air  force  Base. 

aircraft  ( Thp^wcto6  SyStem;  ,A  ,smoke  generating  system  was  installed  on  the  QF/PQM-102 
aircraft  The  system  consisted  of  an  oil  storage  tank  (tank  assembly)  cradle  assembly 

hydraulic  pump  shut-off  valves,  vent  valves,  check  valves,  drain  valves’  nozzle  assemblies 
associated  plumbing  and  an  electrical  system  (Figure  10).  ' 

ta  . * .A  ^vo^  DC  control  voltage  from  the  nose  wheel  door-closed  relav  closes  the 

smoke  relay3  V A 28^nb  nr*  t0  T"  ?"d  CL°Se  the  0il  supply  valve  is  controlled  by  the 
smok..  relay.  A 28-volt  DC  control  voltage  from  the  pallet  operates  the  smoke  relav  and 

arts  a Pn?er:  The  time  controls  the  application  of  control  voltage  to  the  pump  control 
'Jl''®'  ,WthlCH  IS  ?Ptn  fuor } seconds  and  closed  for  5 seconds.  Oil  from  the  tankPflows  to 
the  inlet  side  of  the  hydraulic  pump  and  the  oil  is  then  pumped  to  the  nozzle  selector  valve 

m^ayCOr|fr?h  VHta96  f°r  the  n°zzle  selector  valve  is  dependent  upon  the  afterburner  control 
In  th‘  ftthie  dr°ne  IS  ?perating  m the  afterburner,  the  nozzle  selector  valve  directs  the  oil 

to  impinge  on  the  engine  exhaust  gasses  producing  the  smoke  trail. 

The  Smoke  System  was  tested  on  11  April  1974  and  it  functioned  as  desianPd 

^th^BOM  ?4A°f  H®  dr°n^  W3S  9reutly  enhanced  and  't  seemed  superior  to  the  system  uled 
in  the  BUM-34A  and  equivalent  to  that  used  in  thP  DF  in4  ti,„  y , . 

The  system  operation  ,n  afterburner  was  again  not  as  effective  as  in  military  power mode 

borS  tbe^sv  J^r^r^^^®c*r’^vain'and  ou^oMhe^fte^rn^r/'^mment^fro^6!?*^!^ 

the  amoke^rio^t^rn^ssil'e ’^eaM^o^^nsure^ad^^ja^visibNit^by lthetshocfte,reed  10  b'scont'nue 

conducted  29 'A^m^QTd  hA  ?h°Und  evaluation  of  thc  explosive  destruct  system  was 
;h"  Se  n on  August  1974  by  the  government  at  Kirtland  Air  Force  Base  New  Mexico 
test  proved  conclusively  that  the  MK-48  warhead  used  in  the  system  would  sever  the 

found VaUXn« ’of' 235  ft'™'nationhof  fli9h<-  Significant  debris  from  the  explosion  was 

Sn“  disSe"  and  size  /slhowTin^aS^  A deSCrip,i°"  the  ^ »ai*< 
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TABLE  14.  DESTRUCT  SYSTEM  DEBRIS  SCATTER 


Description 

Weight 

(lb) 

Angle 

(deg) 

Fore 

Aft 

Distance^ 

(feet)  Size 

Armament  gear  door,  right 

20 

10 

X 

83.5 

8 in  by  4 ft 

Armament  displacement  gear 

5 

0 

59.5 

6 in  by  8 in 

Missile  bay  doors 

... 

0 

40.0 

8 ft  by  2 ft 

Fuselage  section 

15 

0 

40.0 

3 ft  by  4 ft 

Armament  gear  door 

20 

60 

X 

56.0 

8 in  by  4 ft 

Small  structural  member 

5 

60 

X 

34.0 

1 ft  by  2 ft 

T ransformer 

10 

0 

29.5 

4 in  by  5 in 

Armament  gear  door 

5 

0 

155.0 

6 in  by  2 ft  ! 

Rack 

2 

40 

X 

122.0 

4 in  by  4 in 

Hook 

1 

0 

235.0 

3 in  by  3 in 

Hinge  from  bay  door 

5 

0 

14.0 

3 in  by  3 in 

Note:  (1)  Distances  are  measured  with  respect  to  the  rear  missile  bav 
measured  from  aircraft  longitudinal  axis 

Angles  are 

ss&s  s ““sa*  ■ •*  *“*  •• « — 


25  Units 
10  Units 
10  Units 

Total  45  Units 


Ambient  Temperature 
160  Degrees  Fahrenheit 
65  Degrees  Fahrenheit 


of  environmental  conditions  commensurate  environmen'r6'5 
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A single  ground  evaluation  of  the  maneuver  destruct  system  conducted  on 
8 October  1974  confirmed  movement  of  the  elevons  from  the  takeoff  trim  position  to  full 
down  (8  degrees  from  streamline)  upon  execution  of  the  maneuver  destruct  sequence.  The 
elevons  remained  down  after  execution  of  the  commands.  No  problems  were  experienced. 

Destruct  System-Airborne  Tests.  After  the  individual  components  of  the  PQM 
102  destruct  system  were  qualified  to  White  Sands  Missile  Range  flight  surveillance  specifica- 
tions, a series  of  test  flights  were  initiated  to  verify  the  reliability  of  the  system  as  a whole 
while  airborne.  The  tests  were  conducted  with  manned  QF-102  aircraft  with  dummy  elec 
trical  loads  installed  in  place  of  the  actual  EBW.  Noisy  HEFU  telemetry  precluded  analysis 
on  several  flights  and  low  destruct  battery  voltage  telemetry  indications  were  observed.  The 
noise  problem  was  corrected  and  an  improved  battery  charging  procedure  was  developed.  The 
UHF  destruct  system  was  also  evaluated,  independently  of  White  Sands  Missile  Range  flight 
safety  requirements,  and  significant  problems  were  not  experienced.  Satisfaction  of  all  destruct 
system  qualifications  was  accomplished  prior  to  the  first  unmanned  flight  on  13  August  1974. 
Subsequent  to  this  flight,  two  significant  problems  occurred.  One  problem  occurred  during 
T-24-hour  destruct  system  checks  and  was  identified  as  a HEFU  failure.  The  unit  was  re- 
turned for  failure  analysis  and  a faulty  component  was  identified.  On  1 October  1974,  during 
pre-launch  checks,  the  destruct  system  was  intermittent  and  the  problem  could  not  be  identi- 
fied. The  mission  was  aborted  prior  to  takeoff.  Further  analysis  revealed  the  problem  to  be 
a defective  circuit  in  the  UHF  transmitter  box.  In  an  attempt  to  prevent  recurrence  of  the 
problem,  the  UHF  destruct  receiver,  WOG  relay,  key  switch,  and  HEFU  were  removed  and 
replaced. 


In  summary,  the  destruct  systems  proved  to  be  reliable  and  satisfactory. 

3.  MAINTENANCE 

During  the  course  of  the  DT&E,  AFSWC  observed  various  aspects  of  the  contractor  main- 
tenance operation.  Because  this  operation  was  the  responsibility  of  the  Air  Force  Contract 
Management  Office  (in  particular,  the  F-102  peculiar  maintenance  operation),  this  report  only 
considers  the  target  system  maintenance  portion  of  the  program. 

a.  QF/PQM-102  Premission  Test 

Premission  testing  of  the  QF/PQM-102  Target  System  was  accomplished  in  accord- 
ance with  the  prime  contractor's  specification  IT5320-10740,  entitled,  "Premission  Test 
Procedure  for  the  PQM-102  Target  System."  These  procedures  evolved  from  lengthy,  awk- 
ward, and  frequently  erroneous  ground  tets  procedures  (which  were  used  during  the  early 
months  of  the  DT&E  program)  into  an  outstanding  premission  test  document. 

The  premission  test  document  contained  a test  scope,  an  instrumentation  and  test 
equipment  list,  a document  list,  a section  on  safety,  a general  information  section,  a test 
setup  section,  a test  requirement  section  consisting  of  115  tests  (Table  15  contains  a list 
of  these  tests),  a data  recording  section,  and  a section  defining  re-test  requirements.  The 
primary  test  fixtures  for  performing  the  premission  test  were  the  PMTS  and  the  MGS.  In 
addition,  many  items  of  standard  aircraft  AGE  were  required.  These  items  are  listed  in 
Table  16. 


TABLE  15.  LIST  OF  PREMISSION  TESTS 


Test  No. 

Test  Title 

Test  No. 

Test  Title 

1 

Test  Setup 

27 

Roll  Gyro  Synchronizer 

2 

Initial  Power  On 

28 

Roll  Stick  Gain 

3 

Air  Data  Computer 

29 

Roll  Stick  Gain  in  Landing/Takeofl 

4 

Primary  and  Backup  MD-1 

30 

Roll  Rate 

5 

J4  Compass  System 

31 

Roll  Rate  in  Landing/Takeoff  1 

6 

Normal  Accelerometer 

32 

Roll  Rate  with  0 Greater  than 
70  Degrees  f 

7 

MC-1  Rate  Gyro 

33 

Skid  Command  into  Roll 

8 

Primary  MD-1  and  Backup 
MD-1  Telemetry 

34 

Yaw  Rate  Gain  (Series  Servo) 

9 

Heading  Telemetry 

35 

Yaw  Rate  Gain  (Parallel  Servo) 

10 

Elevons,  Servos  and  HEP  Valves 

36 

Heading  into  Rudder  ; 

11 

Pitch  Attitude 

37 

Nosewheel  Steering 

12 

Pitch  Scheduling  from  Airspeed 

38 

Skid  Command  Integrator 

13 

Pitch  Rate  Gyro  Gain 

39 

Skid  Command  Lag 

14 

Normal  Accelerometer  Gain 

40 

Heading  Gyro  Synchronizer 

15 

Altitude  Hold  Gain 

41 

Roll  Rate  Crossfeed 

16 

17 

Altitude  Hold  Integrator 

42 

Roll  Rate  Crossfeed  Airspeed 
Scheduling 

Altitude  Rate 

43 

Roll  Rate  Crossfeed  Washout 

18 

Airspeed  on  Pitch 

44 

Roll  Command  Crossfeed 

19 

20 

Airspeed  Integrator 

45 

Roll  Command  Crossfeed 
Airspeed  Scheduling  j 

Mach  Hold  on  Pitch 

46 

Direct  Throttle 

21 

Mach  Integrator 

47 

Speed  Hold  Throttle 

22 

Pitch  Gyro  Synchronizer 

48 

Mach  Hold  Throttle 

23 

Angle  of  Attack 

49 

Pitch  Crossfeed  Throttle 

24 

Roll  Attitude  below  30,000  Feet 

50 

Maneuver  Programmer  g 

Altitude  and  Heading  Hold  Roll 

Follow-Up 

25 

Roll  Attitude  above  30,000  Feet 

51 

Maneuver  Programmer  g 

Altitude  and  Heading  Hold  Roll 

Limiter 

26 

Roll  Attitude  Non-Heading  Hold 
Roll 

52 

Alpha  g Limiter 

* 


TABLE  15.  LIST  OF  PREMISSION  TESTS  (CONTINUED) 


Test  No. 

Test  Title 

Test  No. 

Test  Title 

53 

Recovery  Mode 

79 

Pneumatic  Pressure  Low  Warning 

54 

Maneuver  Programmer  Test  Setup 

80 

Primary  Hydraulic  Pressure  Test 

55 

(Tests  55  through  59) 

55 

Maneuver  Programmer  Roll  Axis 

81 

Secondary  Hydraulic  Pressure  Test 

56 

Maneuver  Programmer-g  Command 
plus  Airspeed  on  Throttle  Modes 

82 

Hydraulic  Oil  Hot  Warning 

57 

Maneuver  Programmer  Altitude 
Hold  also  Pitch  Axis  Lift 
Compensation 

83 

Fuel  Low  Warning 

58 

G-Error  Integrator 

84 

Fuel  Tank  Warning 

59 

Maneuver  Programmer  Time 

85 

Engine  Fuel  Pump  Warning 

60 

Backup  Throttle 

86 

Fire  and  Overheat  Detector 

61 

Backup  Yaw 

87 

Oil  Low-Pressure  Warning 

62 

Backup  Pitch  Attitude 

88 

Anti-Ice  Warning 

, 63 

Backup  Pitch  Attitude  Command 
for  LOC 

89 

Altitude  Hold  Mode  Interlocks 

64 

Backup  Pitch  Stick 

90 

Speed  Hold  Elevator  Mode 
Interlocks 

65 

Backup  Pitch  Rate  Feedback 

91 

Mach  Hold  Elevator  Mode 
Interlocks  1 

66 

Backup  Roll  Stick 

92 

Speed  Hold  on  Throttle  Mode 
Interlocks 

67 

Backup  Roll  Attitude 

93 

Mach  Hold  on  Throttle  Mode 
Interlocks 

68 

Backup  Roll  Rate  Test 

94 

Maneuver  Programmer  Mode 
Interlocks 

69 

Speed-Brakes 

95 

Wings  Level  Mode  Interlock 

70 

Drag  Chute 

96 

Heading  Hold  Roll  Mode  ; 

Interlocks 

71 

Arresting  Hook 

97 

Landing/Takeoff  Mode  Interlocks 

72 

Boost  Pumps 

98 

Automatic  Takeoff  Mode  Interlocks 

73 

Aircraft  Power  Control 

99 

Takeoff  Abort  Mode  Function 
Check 

74 

Transmit-Receive  Monitor 

100 

Automatic  Takeoff  Mode 
Function  Test 

75 

Fuel  Quantity  T.  M. 

101 

Afterburner 

76 

Engine  Pressure  Ratio 

102 

Airstart  Ignition 

77 

Engine  RPM 

103 

Smoke 

78 

Exhaust  Temperature  Indicating 
System 

104 

Explosive  Destruct 

*34 


f t 


■ t ■*  f 


TABLE  15.  LIST  OF  PREMISSION  TESTS  (CONCLUDED) 


Test  No. 

Test  Title 

Test  No. 

Test  Title 

105 

Orbit  Destruct 

Ill 

Beacons  System 

106 

LOC  Fast  Destruct 

112 

Brakes  Control  System 

107 

Loss  of  Power  Fast  Destruct 

113 

Landing  Grea  Control 

108 

Command  Destruct  Recivere 

114 

Command  and  Data  Test 

109 

Maneuver  Destruct 

115 

QF-102  Aircraft  Functions 

110 

DIGIDOPS  System 

116 

Shut-Down 

‘ TABLE  16.  PREMISSION  ThLT  EQUIPMENT 


Equipment 

Characteristics 

Aircraft  Electrical  Ground  Ground  Power  Unit 

+28,±2-volt  DC,  100  ampere  mini- 
mum. 115-volt  AC  400  Hz  WYE, 
30  amperes  per  leg  minimum. 

Hydraulic  Cart 

MK-3  or  equivalent 

High-Pressure  Air  Compressor 

MC-1 1 or  equivalent 

Air  Data  Test  Set 

TTU-93,  TTU-205  or  equivalent 

Aircraft  Jacks  (2  each) 

10  ton 

EBW  Simulator/Pulse  Evaluator  Test  Set 

TE-1 14  or  equivalent 

Maintenance  Stand 

As  required 

Safety  Markers 

As  required 

Safety  Locks 

As  required 

Nose  Wheel  Turntable  or  Greased  Plate 

As  required 

Tachometer  Indicator-Generator  Test  Set 

TTU-27/E  or  equivalent 

Engine  Thermocouple  Tester 

BH1 12JA-1 1G1T9  or  equivalent 

Rudder  Protractor 

As  required 

Pneumatic  Pressure  Gage  (2  each) 

0 to  1500  psi 
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Premission  tests  were  completed  on  four  PQM-102  aircraft,  three  of  which  flew  five 
wCr?ftfU  dr°£e  record  missions.  The  average  time  for  the  initial  premission  test  on  these 
fanf  ^as  *6  ^rs'  Thfre  was  no  record  of  the  times  to  perform  the  initial  premiss.on 

nn  of1  in?  QFJ°2aircraft-  Subsequent  to  July  1974,  five  premission  tests  were  completed 
on  QF  102  aircraft  in  an  average  time  of  26  hours;  subsequent  to  August  1974  four  ore- 
miss'on  tests  other  than  the  initial  one,  were  performed  on  PQM-102  aircraft  in  an  average 

1 b/Win2Urs'  Although  two  complete  premission  tests,  one  on  a QF-102  and  the  other 
on  a PQM  102,  were  performed  in  19  hours,  it  is  felt  that  22  hours  is  a more  realistic  time 
tor  a premission  test  involving  no  major  troubleshooting  effort. 


Numerous  failures,  wiring  errors,  and  design  problems  were  uncovered  in  the  FCSS 
nd  aircraft  during  early  premission  testing.  In  an  effort  to  determine  how  effective  the 
premission  test  was  at  identifying  in-flight  problems,  airborne  squawks  and  subsequent  pre- 
mission  testing  efforts  were  closely  monitored  on  QF-102  FAD  601  and  FAD  602  for  2 
months.  A total  of  38  problems  were  logged  against  these  aircraft  with  23  of  them  beinq 
premission  test  verified  on  the  ground.  Of  the  13  problems  which  could  not  be  reproduced 

oL^rrl11  mV°iVe^  fl'ght  dynar™cs  (i-  e.-  automatic  takeoff  rotation  error  on  takeoff, 
o iy  3.6g  maneuver  with  4g  programmed,  and  aircraft  heading-error  when  coming  out  of  LOC) 
one  was  an  MGS  problem  and  the  last  was  an  intermittent  switch  on  the  AFSC  panel  in  the 
cockpit.  Including  the  flight  dynamics  write-ups,  the  premission  test  was  able  to  detect  62 
percent  of  the  m-flight  problems.  Excluding  flight  dynamics  problems,  the  premission  test 
was  able  to  detect  96  percent  of  the  airborne  failures,  all  of  which  were  corrected  by  main- 
tenance action.  This  study  points  out  the  one  shortcoming  of  test  philosophy  for  testinq 
non-pi  ot-rated  aircraft:  the  inability  to  detect  problems  involving  aircraft  dynamics. 


b.  Maintenance  Technical  Data  (PQM-102) 


Thorough  evaluation  of  the  adequacy  of  PMQ-102  peculiar  maintenance  technical 
data  and  test  procedures  was  not  accomplished  by  the  AFSWC.  However  a qualitative 
appraisal  was  made  during  routine  evaluation  of  test  operations.  Due  to  the  continuing 
nature  of  the  design  changes  required  during  the  DT&E  phase,  current  maintenance  techni- 
cal data  and  test  procedures  were  not  completed  by  the  contractor.  Test  operations  were 
normally  conducted  oy  experienced  personnel  using  available  engineering  drawings  and  the 
basic  equipment  operating  manuals.  The  basic  series  of  F-102  Technical  Orders  were  up- 
dated to  include  PQM-102  peculiar  items,  and  some  of  the  required  data  and  procedures 
have  been  developed.  With  the  possible  transfer  of  experienced  personnel  and  the  subse- 
quent hiring  of  inexperienced  personnel,  it  was  imperative  that  continuing  attention  be  given 
to  the  completion  of  essential  data  and  procedures.  Complete  inspection,  fault  isolation 
repair,  calibration,  and  test  data/procedures  were  needed  to  increase  the  efficiency  of  op'era- 


c.  Logistics  (PQM-102) 


i Log'Stic  suppoitab'hty  of  PQM-102  peculiar  requirements  was  investigated  by  a team 

cd/T  i i J j-  ^lr  Force  Base'  T?xas'  and  their  findings  were  submitted  to  the  PQM-102 
bPU.  Included  in  the  review  was  maintainability,  current  maintenance  data,  reliability  levei 
of  repair  special  storage  or  transportation  requirements,  DATAC  technical  data,  and  reprocure- 
ment rights.  No  serious  deficiencies  were  noted  except  for  those  relating  to  reprocurement 
requirements.  Since  the  prime  contractor  claimed  proprietary  rights  to  47  of  80  contractor- 
furnished  documents,  it  was  felt  that  the  Air  Force's  ability  to  provide  follow-on  support 

nr?he9^ mi?hlbeASce^Sly  impaired-  Solution  of  this  was  left 
* ,thte  [QM’  °j2  SP?'  • Observations  of  the  AFSWC  test  director,  relating  to  test  procedures 

graph^b  ^above3  dUnn9  ^ °T&E  PhaS6  3t  Holloman  Air  Force  Base'  are  covered  in  para- 
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d Failure  Analysis 


The  failure  analysis  cycle  as  maintained  by  the  contractor  was  evaluated  for  adequacy 
The  cycle  started  with  the  failure  of  a component  and  the  initiation  of  a Reliability  and 
Maintainability  (R&M)  form.  If  the  part  was  a prime  contractor  provided  part  the  R&M 
report  and  part  were  returned  to  the  prime  contractor's  plant  for  a failure  analysis.  The 
findings  were  sent  to  Holloman  Air  Force  Base  and  a tabulation  or  record  of  all  failures 
was  maintained  in  the  prime  cont-actor's  Reliability  and  Maintainability  Allocations  Assess- 
ment and  Analysis  Report.  For  vendor  provided  parts  a debit  notice  form  was  prepared. 

The  form  and  part  were  returned  for  analysis  and  repair  or  replacement.  On  some  items 
a government  representative  was  required  at  the  vendor's  facility  for  final  approval  durinq' 
the  repair  cycle.  The  findings  of  the  analysis  were  then  sent  to  Holloman  Air  Force  Base. 

..  . aPPeared  that  the  failure  analysis  cycle  was  adequate  and  worked  satisfactorily 

No  significant  deficiences  were  noted. 

e.  Contractor  Maintenance  Operations 


The  manner  in  which  the  prime  contractor  and  associated  subcontractors  conducted 
their  maintenance  operations  was  broadly  evaluated  during  the  OT&E  at  Holloman  Air  Force 
Base.  Initially,  coordination  was  lacking  between  the  prime  contractor  and  the  subcontractor 
responsible  for  the  aircraft  maintenance.  After  establishment  of  a maintenance  control  section 
coordinations  greatly  improved,  resulting  in  more  efficient  operations. 

Problems  were  experienced  in  the  documentation  and  follow-up  of  the  various  types 
c!-cc°blemS  exPerienced-  Initiation  of  separate  discrepancy  logs  for  the  MGS,  FGS  and 
FCSS  improved  matters  somewhat.  However,  two  serious  deficiencies  existed  in  this  system 
First,  a large  number  of  the  significant  problems,  especially  those  discussed  during  mission 
debriefings,  were  not  entered  in  the  logs.  The  items  should  have  been  entered  in  the  loqs 
during  the  debriefings  Second,  the  corrective  actions  listed  for  many  problems  were  techni- 
cally unsound  and  did  not  conform  to  established  procedures  outlined  in  Air  Force  Manual 
66  1 It  was  deemed  that  a tighter  and  more  accurate  quality  control  of  maintenance  efforts 
including  documentation,  was  necessary.  Consequently,  through  coordination  and  resolution 

a very  h'gh  level  of  cooperation  between  the  Air  Force  and  associated  contractors  was  accom- 
plished. 


f. 


Interchangeability 


Although  there  were  no  special  tests  performed  to  demonstrate  interchangeability 
several  FCSS  components  were  flown  in  pallets  other  than  their  own.  All  LRU  were  tested 
to  the  same  test  specifications  on  the  STB  after  maintenance  action  or  prior  to  integration 
into  a new  system  Also,  in  June  1974,  the  pallet  from  PQM-102  FAD  605  was  fliqht 
evaluated  in  QF-102  FAD  602  with  no  indication  of  any  interchangeability  problems. 

g.  PQM-102  Conversion 


After  arriving  from  Crestview,  where  F-102  aircraft  are  configured  to  PMQ-102 
I arget  Systems,  the  aircraft  were  prepared  for  unmanned  flights.  This  conversion  effort 
consisted  of  55  aircraft  modifications  which  took  403.3  manhours  to  perform.  After  the 
conversion  was  completed,  an  extensive  ground  test  was  performed  in  accordance  with  the 
prime  contractor's  document  EB  5320-10702.  The  ground  test  took  approximately  12  work 
days,  and  consisted  of  a test  and  calibration  sequence,  a premission  test  with  the  FCSS  pallet 
electrically  connected  to  the  aircraft,  a premission  test  with  the  pallet  installed,  and  an  air- 
cratt  taxi  test. 
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procedurfSequattTy  KE'  ,he  “"»™ion 

were  flown  in  an  unmanned  configuration  after  heinn'r,  D/uones  FAD  604  and  FAD  605 
The  only  problem  encountered  was  the  failure  of  thp  he  9r°und  for  over  6 months 
This  problem,  which  was  due  to  a defective  trim  mFCSS  0n  NULL0  No.  1. 

normal  premission  test.  However  premission  te^t  n™  ^ C°U  u not  be  duplicated  on  a 
detect  this  type  of  malfunction.  d cedures  had  been  incorporated  to 

Evaluation  of  the  contractor  maintenance  operation  indicated  the  following- 
' accordance  with 

* !Sp,ab^^  tco"  r were 

program  had  been  implemented  by  the  contracTor  rha^^^m 

be  monitored  to  a successful  conclusion  b^he  PQ^io^SPO 

* for9i.tV&Tp^aVmAFLC  ,he  «*  acceptable 

Failure  reporting  was  satisfactory  and  comnlied  with  thn 
pr^edures  established  by  the  contractor  and  the  ROM  ,02 

' rtr”  ”■ 

’ SliSSSS”-—- 

4.  OPERATIONS 

contrL:torVo^rJtionentThedcomrac^or^as  ri?^  SJSKm  conceived  to  be  an  alh 

during  the  DT&E.  To  aSt^Kis The ^ con  m ^**6d  “ de™™™e  this  philosophy 
°!.the  operation  except  White  Sands  E rJS  t0  handle  a"  routl'ne 

and  the  Air  Force  UHF  destruct  function  in  the  9 S‘hedu,m9  and  documentation 

planning  was  accomplished  by  the  PQM-102  SPO  AFSW?nt  BaS6  area’  AI1  initial 

Contract  Management  Division.  U'  AFSWC  test  director,  and  the  Air  Force 

a.  Procedures 

tractor  was  tasked  with  writing  and^mp^  C-  the  eon- 


(1)  Flight  Procedures. 


Description.  Two  sets  of  flight  procedures  were  developed  by  the  contractor 
The  first,  in  response  to  the  requirements  of  Air  Force  Regulation  55  22  and  Air  Force 
Systems  Command  Supplement  1 thereto,  defined  how  contractor  flight  operations  would 
be  conducted  during  the  Holloman  Air  Force  Base  operation.  These  procedures  required 
approval  by  the  Holloman  Air  Force  Base  government  flight  representative  and  were  subject 
to  semiannual  review.  The  second  set  of  procedures  defined  specific  operating  procedures 
in  checklist  form  for  use  during  manned  and  unmanned  operations. 

^yeJppm^nT/^LJpdarte.  The  Air  Force  Systems  Command  Supplement  1 to  Air 
Force  Regulation  55  22  specified  what  procedures  were  to  be  included  in  the  Holloman  Air 
cnT6  i^-aSr  0per?iing  Procedures  Manual.  The  procedures  were  based  on  Air  Force  Regulation 
bU-1;  Air  Force  Manual  60-16;  other  Air  Force  publications;  experience  of  the  contractor's 
controllers;  and  local  Holloman  Air  Force  Base  regulations.  After  the  approval  of  the  prime 
contractor  s chief  pilot  and  the  Holloman  Air  Force  Base  government  flight  representative 
the  Holloman  Air  Force  Base  Operating  Procedures  Manual  became  the  official  document’ 
governing  flight  operations  during  the  test  program.  Changes  to  these  procedures  were  incor- 
porated with  the  approval  of  the  prime  contractor's  field  operations  supervisor  and  the  govern- 
ment flight  representative. 

The  prime  contractor's  procedures  were  developed  and  updated  in  the  same 
manner  as  the  Emergency  Procedures  [paragraph  4.a.(3)]. 

* u Q^3ijgnj!.„Ure.  A c°Py  °f  the  Prime  contractor's  flight  operations  procedures 

tor  the  Holloman  Air  Force  Base  Operating  Procedures  Manual  was  maintained  in  the  contrac- 
tors operations  area  and  was  used  as  part  of  the  aircrew  information  file.  Each  contractor 
pilot  was  responsible  for  knowing  and  complying  with  the  provisions  of  the  manual  and  each 
flight,  manner  or  unmanned,  was  governed  by  the  procedures  contained  in  the  manual. 

The  prime  contractor's  checklists  were  available  at  each  ground  station  and  at 
the  launch  control  vehicle.  Designated  individuals  read  each  step  while  other  specifically 
identified  crew  members  performed  the  task.  Some  pre-launch  checks  were  omitted  on 
QF-102  missions,  but  the  entire  checklist  was  followed  on  PQM-102  flights. 

Evaluation.  The  Holloman  Air  Force  Base  Operating  Procedures  Manual  was 
reviewed  by  Air  Force  Contract  Management  personnel  prior  to  approval  by  the  government 
flight  representative.  Subsequently,  it  was  evaluated  during  two  Air  Force  Systems  Command 
Standard  Evaluation  visits  by  members  of  the  Standard  Evaluation  Team.  The  criteria  used 
by  the  evaluators  were  Air  Force  Regulation  55-22  and  Air  Force  Systems  Command  Supple- 
ment 1 thereto.  M 

The  procedures  were  found  to  be  excellent.  The  Standard  Evaluation  Teams 
made  specific  reference  to  the  excellence  of  the  contractor's  flight  operations  and  his  opera- 
ting procedures.  When  minor  changes  were  suggested  they  were  immediately  incorporated. 


To  evaluate  the  PQM-102  Target  Manual,  qualified  Air  Force  personnel  observed 
each  step  of  the  procedures  on  each  unmanned  flight  and  on  many  manned  flights.  As 
deficiencies  were  noted,  the  procedures  were  corrected  by  the  contractor.  The  criteria  used 
by  the  Air  Force  evaluators  were  adequacy,  completeness,  utility,  and  contractor's  ability 
to  execute  the  procedures  properly.  The  PQM-102  Target  Manual  procedures  were  judged 
satisfactory  and  acceptable. 
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Raco  thnBDnM  ,noPTime  c°ntract°rs  flight  operating  procedures  for  Holloman  Air  Force 
Base  and  the  PQMJ02  Target  Manual  checklist  procedures  pertained  specifically  to  the  opera 
tion  as  it  developed  at  Holloman  Air  Force  Base.  Therefore,  for  other  operating  locations 
the  procedures  would  have  to  be  revised  to  suit  local  operating  conditions.  In  the  case  of 
the  checklist  procedures,  such  revisions  would  require  thorough  evaluation  with  QF-102  air- 
craft before  attempting  any  unmanned  operations. 

(2)  Ground  Procedures.  PQM-102  pre-launch  and  recovery  operations  were  per- 
forme  in  accordance  with  the  prime  contractor's  flight  manual  (Reference  2).  These  proce- 
dures were  exceptionally  well  organized  and  followed  a technical  order  format.  The  around 
operation  consisted  of  aircraft  towing,  engine  starts  and  checkouts,  MGS  and  FGS  functional 
checks  of  the  aircraft  destruct  system  check,  gyro  torque  test,  destruct  package  upload  and 
arming,  aircraft  launch,  and  aircraft  recovery.  These  functions,  except  for  launch  and  recovery 
were  performed  on  two  PQM-102  aircraft  while  a second  drone  was  prepared  for  fliqht  in  the 
event  of  a ground  abort  with  the  primary  drone.  9 

Ground  operations  were  very  smooth  during  the  PQM-102  missions  flown  The 
only  area  requiring  improvement  was  communications.  There  were  three  communication 

KVStATcv»r,oqUireJd  t°  Support  the  mission.  First,  there  was  an  ARC-27  UHF  radio  (provided 
by  AFSWC  and  installed  in  the  AFSWC  furnished  launch  control  vehicle)  used  to  communi- 
cate with  the  FGS  and  MGS.  Second,  there  was  an  intercom  system  (also  installed  in  the 
launch  control  vehicle)  which  was  used  by  personnel  performing  aircraft  engine  starts  and 
pre  launch  checks.  This  intercom  was  provided  by  a modified  aircraft  AIC-10  system  tied 
into  the  radio  allowing  the  launch  control  supervisor  to  communicate  with  both  his 
crew  and  MGS/FGS  personnel.  Last,  there  was  a VHF  maintenance  set.  The  primary  prob 
.em  with  communications  was  the  noisy  and  poor  quality  signals  associated  with  the  inter- 
com system.  Also,  there  were  failures  in  both  the  intercom  system  and  UHF  radio  which 
caused  a breakdown  in  communication. 


(3)  Emergency  Procedures. 

Description.  An  emergency  operation  manual  (Reference  3)  was  prepared  by 
the  prime  contractor  for  use  by  ground  controllers  in  responding  to  ground  and  airborne 
emergency  conditions  in  the  QF/PQM-102  aircraft  and  with  command  and  control  equipment. 
Each  procedure  with  critical  initial  steps  contained  bold  face  items  to  be  accomplished  with- 
out reference  to  the  checklist.  The  checklist  was  then  referred  to  for  procedure  completion, 
warnings/cautions,  and  additional  information.  The  following  classes  of  emergency  procedures 
are  listed  in  the  manual  (the  number  in  parenthesis  indicates  procedures  per  class): 

Ground  Operations,  QF/PQM-102  (2) 

Takeoff,  QF/PQM-102  (10) 

Inflight,  QF/PQM-102  (18) 

Landing,  QF/PMQ-102  (7) 

Command  and  Control,  FGS/MGS  (13) 


References 

2.  F I |_gh Mjnua.l_QF-102A  and  PQM-102A.  Sperry  Flight  Systems,  Phoenix  Arizona 

3.  Emergency  Operation,  PQM-102A  Target  System,  SFTP  5320-10743,  April  1974, 
Sperry  Flight  Systems,  Phoenix,  Arizona. 
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+.  , Procedures  were  developed  based  on  F-102  Technical  Orders  failure  analvsis  nf 

the  airborne  and  ground  equipment,  and  experience  of  the  contractor's  controllers  These 

arTme^eS  Were  by  3 contractor  Project  pilot  and  approved  by  the  contractor  oro 

gram  manager  and  the  government  flight  representative.  b 

Any  contractor  or  government  individual  could  recommend  chanaes  to  the 
emergency  procedures  manual  by  submitting  a change  approval  to  the  contractor  chief  mint 

- SSSSf  C' 

- °LZ  3 ^SZSStJTttX 

to  read  ,he  checklist' whMe  the 

equipment.  ‘ pi3JTa^o4^ 

• Airborne  Equipment 

!»  Jth  s £F=s  sstar 

the  abnormal  S„  anVS  Z 

•Command  and  Control  Equipment 

simulated  without  the  prior  knowledge  of  the  ground  controllers  Emergences  were 

abnormalities  listed  in  the  ground  coJi' t rovers* 'TrocTdCuresWe|n  h coverin9  the  various 

quickly  and  correctly  identified  thTSSlSion^/lS  the  ^Th^TST116" 

exception  was  a simulated  loss  of  radio  communications  between  FGS  and  MGS  rnn^r 
siana/tn  uTn  fTt  an  ab"°r™l  aircraft  condS^d a whg  rocking  tSe 

later  (4  June  1974?and  coSer'aSS'was  W“  SimU'ated  5 d3yS 

sjsasszRSaMa- 

•Fire  Wing  Light  on  Start,  Aircraft  FAD  603,  Ground  Abort,  7 March  1974 
•Fire  Wing  Light  in  Flight,  Aircraft  FAD  608,  Air  Abort,  11  April  1974 
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•Hydro  Oil  Hot,  Aircraft  FAD  601,  Ground  Abort,  19  April  1974 

•Hydro  Oil  Hot,  Aircraft  FAD  602,  Air  Abort,  16  May  1974 

• Hydro  Oil  Hot,  Aircraft  FAD  602,  Ground  Abort,  23  May  1974 

• High  Pressure  Pneumatic  System  Low,  Aircraft  FAD  602,  Air  Abort,  7 June  1974 

•Primary  AC  Generator  Failure,  Aircraft  FAD  602,  Air  Abort,  31  July  1974 

•Primary  AC  Generator  Failure,  Aircraft  FAD  602,  Air  Abort,  1 August  1974 

Evaluation.  The  criteria  used  by  the  evaluator  were  adequacy,  completeness, 
utility,  and  confidence  in  the  contractor's  ability  to  recognize  and  cope  with  emergency 
conditions. 


Using  these  criteria,  the  emergency  procedures,  both  written  and  demonstrated 
by  the  controllers,  were  satisfactory  and  acceptable.  The  attitudes  of  the  controllers  and 
the  chief  pilot  were  completely  positive,  and  all  personnel  involved  continued  to  improve 
and  perfect  the  emergency  procedures  throughout  the  entire  testing  period. 

b.  White  Sands  Missile  Range/Holloman  Air  Force  Base  Interface 

The  development  and  test  of  a new  system,  such  as  the  QF/PQM-102,  at  the  White 
Sands  Missile  Range/Holloman  Air  Force  Base  complex  created  many  unique  problems  and 
required  unique  solutions  to  these  problems.  The  following  is  a discussion  of  the  problems, 
how  they  were  solved,  and  an  evaluation  of  how  their  solution  affected  operations. 

(1)  White  Sands  Missile  Range  Interface.  White  Sands  Missile  Range  is  a highly 
complex,  multi-mission,  inland  range  which  serves  the  needs  of  all  services,  as  well  as  NASA. 
For  missions  flown  by  the  PQM-102,  i.  e.,  air-to-air  and  ground-to-air  missile  presentations, 
the  greatest  appeal  of  the  White  Sands  Missile  Range  was  the  accuracy  of  its  optical  data 
and  the  sophistication  of  its  data  acquisition  system.  Its  shortcomings  were  its  relatively 
small  size  (approximately  35  by  135  miles)  and  its  complexity,  both  of  which  affected  its 
ability  to  support  flexible  requirements  of  the  PQM-102  Target  System.  These  factors, 
as  they  related  to  the  PQM-102  operation,  are  discussed  in  the  following  paragraphs. 

Safety.  White  Sands  Missile  Range  safety  was  by  far  the  most  important  and 
critical  factor  in  the  White  Sands  Missile  Range/PQM-102  interface.  As  discussed  in  subse- 
quent sections,  its  influence  was  felt  in  practically  every  aspect  of  the  White  Sands  Missile 
Range  operation;  however,  for  purposes  of  this  section,  only  the  failsafe  destruct  system 
and  the  range  area  restrictions  will  be  discussed. 

Because  the  PQM-102  was  a DT&E  drone,  White  Sands  Missile  Range  ruled 
that  a failsafe  destruct  system  would  be  the  primary  destruct  mechanism  for  range  flights 
[paragraph  2.d.(5)].  Since  the  PQM-102  was  initially  designed  without  a failsafe  system, 
the  contractor  was  required  to  design  and  qualify  such  a system.  White  Sands  Missile 
Range  closely  supervised  this  operation.  Attention  was  also  focused  on  the  parts  of  the 
destruct  train  and  FCSS  which  were  also  a part  of  the  failsafe  system,  e.  g.,  the  HEFU 
and  the  IFC. 


The  failsafe  system  was  used  for  all  NULLO  flights  throughout  the  DT&E. 
White  Sands  Missile  Range  would  assign  a flight  area  over  the  range  in  which  the  PQM-102 
could  fly.  The  boundaries  of  this  area  were  computed  on  the  basis  of  timer  setting,  maxi- 
mum altitude  and  maximum  true  airspeed.  The  boundaries  were  referenced  to  the  nearest 
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critical  boundary  in  the  White  Sands  Missile  Range  area.  In  general,  the  nearest  critical 

i°theWVhTpaSc;  h bo,U.n,dary'  However'  o^er  boundaries  were  considered  critical  such 

as  the  Whitt  Sands  National  Monument  picnic  loop,  protected  and  closed  during  all  NULLO 

r nshptSi'f  tflni>OUndary  t0  uheun0rth^n  range  extension'  requiring  extensive  time  and  cost  to 
close  if  flown  over;  and  Highway  70  requiring  blockage  if  flown  over. 

Examples  of  the  resultant  flight  areas  are  shown  in  Figures  47  48  and  49 

ri  ff  48.c°mpare  the  areas  for  approximately  the  same  altitude/airspe'ed  combina- 
tions  with  different  timer  settings.  Figures  48  and  49  compare  different  altitudes  with  the 
same  timer  settings  and  maximum  speeds. 

I n ,co ^elusion,  White  Sands  Missile  Range  safety  imposed  significant  but  livablp 
constraints  on  the  PQM-102.  All  contractual  DT&E  objectives  were  achfeved  while  operating 

tioJwhftp6  q°nf  rMntS'i  eD9-'  MaCh  numbers  of  13  and  altitudes  over  55,000  feet.  In  addh 
ion,  A/hite  Sands  Missile  Range  attention  to  and  participation  in  the  explosive  train  qualifica- 
tion insured  a safe,  well  engineered  destruct  system  in  the  PQM-102. 

in  ~ rat.  ^SUmentation.  To  support  this  program,  White  Sands  Missile  Range  required 
10  Operation  Requirement  documents  plus  2 Program  Introduction  documents.  Some  of  the 
reasons  for  this  heavy  requirement  were  as  follows: 

* The  newness  and  uniqueness  of  the  QF/PQM-102  system  caused 
some  initial  confusion  on  the  hardware  involved. 


* The  addition  of  the  HVAR  firings  to  the  PAVE  DEUCE  docu 
mentation. 


•The  early  program  requirement  to  fly  captive  AIM  missiles 
against  record  flights  (deleted). 

•The  program  requirements  to  fly  the  PQM-102  against  several 
different  AIM  series  missiles  during  early  NULLO  flights 
(partially  deleted). 


c-.  m;  I Tr  °b*Tat,°"s  can  be  made  on  the  subject  of  documentation.  First,  White 

nnnp  Of  thp6|  RtaH9e  dhi  exhlblt  me,rtia  m supporting  new,  fast-response  requirements.  Second, 
none  of  the  listed  problems  uniquely  involved  the  PQM-102.  They  were  true  of  most  drone 

Sr,T  Whi,e  Sands  Missile  Ra"9e-  The  PQM  102  documentation ^equ^rernent  fn  a n 

operational  phase  is  no  more  complex  than  a BQM-34A  documentation  requirement. 

tri  ctro  rvni-  !t  should  be  notad  that  despite  this  rather  awkward  system,  experience  tended 
to  streamline  the  operation  For  example,  when  the  need  arose  for  inclusion  of  the  HVAR 
firings  in  the  first  few  NULLO  flights,  the  firing  took  place  19  work  days  after  start  of  the 

mnStn  h h' ln^olved  ^vision  of  the  Program  Introduction  document,  including 
coordination  by  higher  Army  Headquarters  (TFCOM),  and  the  writing  and  processing  of  a 
new  Operation  Requirement  document.  The  White  Sands  Missile  Range  advertized  time 
period  for  such  an  operation  is  60  work  days. 

* xrr~pace'  ?.ecause  of  the  safety  constraints  mentioned  in  paragraph  4.b.(1), 

all  NULLO  flights  were  flown  in  the  central  range.  Altitudes  extended  from  ground  level 
to  the  mission  altitude.  This  block  of  airspace  was  available  on  a routine  basis  approximately 
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QF-102  flight  requirements  were  different  in  that  there  were  no  safety  con- 
straints. On  the  other  hand,  the  QF-102  required  daily  access  to  the  range.  A backward 
L shaped  area  proved  to  be  the  optimum  tradeoff  between  range  and  program  requirements. 
The  flight  area  boundaries  were  the  M coordinate  in  the  western  range  south  and  east  of 
the  Stallion  region  in  the  northwestern  range  and  20,000  feet  above  the  Oscura  Bombing 
Range  in  the  northeastern  portion  of  the  range,  the  north  and  eastern  range  boundaries 
and  Highway  70  in  the  south. 

Airspace  constraints  presented  no  significant  problems  for  this  program. 

Scheduling.  Monthly  and  weekly  schedules  were  obtained  from  the  contractor 
and  submitted  to  the  range  scheduling  office.  No  QF/PQM-102  peculiar  problems  were 
apparent. 


There  was  some  difficulty  in  the  contractor  not  adhering  to  his  weekly  schedule 
published  on  the  preceding  Friday.  During  the  last  month  of  the  program,  the  contractor 
cancelled  or  significantly  reduced  his  range  requirements  six  times  out  of  a total  of  21 
scheduled  missions.  These  numbers  were  typical  of  the  entire  program. 

Metric  (Optical)  Coverage,  Several  missions  were  flown  and  tracked  over  the 
50  mile  area  to  determine  any  acquisition  problems  peculiar  to  the  PQM-102  These  missions 
included  captive  flights  at  high  g,  HVAR  rocket  firings,  and  AIM-9J  missile  firings.  Two 
problems  peculiar  to  the  PQM-102  became  apparent.  First,  White  Sands  Missile  Range  safety 
imposed  constraints  on  the  coverage  to  include  only  cameras  on  the  periphery  of  the  50-mile 
area.  Typical  coverage  for  BQM-34A  presentations  include  cameras  within  the  50-mile  area 
Second,  because  of  the  aft  geometry  of  the  PQM-102,  there  was  no  common  reference  near 
the  afterburner  plume  from  which  miss  distances  could  be  measured.  It  was  decided  to  guess 
at  the  center  of  plume  and  compromise  the  accuracy  of  the  measurements. 

Preliminary  data  on  the  AIM-9J  firings  showed  miss  distance  accuracies  on  the 
°u  er  j * This  contrasts  to  the  BQM-34A  miss  distances  which  yield  accuracies  on 

the  order  of  0.5  foot.  Since  the  PQM-102  exhaust  is  approximately  4 feet  in  diameter 
compared  to  the  1 foot  diameter  on  a BQM-34A  CIR  pod,  the  1-foot  difference  in  accuracy 
did  not  appear  to  be  significant. 

. Communications.  The  PAVE  DEUCE  system  required  extensive  communication 
suPPort  from  White  Sands  Missile  Range.  These  requirements  are  discussed  in  paragraph 
4. d. (5). 


In  the  White  Sands  Missile  Range  areas  of  responsibility,  several  serious  problems 
were  chronically  encountered  at  King  I.  For  example,  on  the  NULLO  flight  of  4 October 
1974,  the  King  I transmitter  failed  during  the  first  AIM-9J  presentation  and  during  handover 
when  entering  the  Holloman  Air  Force  Base  pattern.  At  the  end  of  the  program,  AFSWC 
requested  White  Sands  Missile  Range  review  this  and  similar  incidents,  and  remedy  the  situa- 
tion. Clearly,  PQM-102  requirements  severely  strained  the  capability  of  th  j King  I complex. 

Command/Control  and  Telemetry.  The  QF/PQM-102  system  did  not  require 
any  standard  command/control  or  telemetry  support  other  than  UHF  destruct  commands, 

LOC  monitor,  and  DIGIDOPS  transmission.  All  requirements  except  DIGIDOPS  were  handled 
in  a satisfactory  manner.  King  I did  not  have  oscillographs  of  suitable  response  for  DIGIDOPS 
telemetry.  This  support  was  obtained  from  the  6585th  Drone  Test  and  Material  Division 
Holloman  Air  Force  Base. 
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Radar  Support,  As  discussed  in  paragraph  2.b.  of  this  section  the  OF/PDM  mo 

r'HH,reqUI,ri3r5  FPS'16  radars'  ln  addition'  White  Sands  MiaL  Range  safety  rSed 
an  additional  radar  to  skin  track  the  drone  during  NULLO  flights  Finally  a fourth  radar 
was  required  to  track  the  launching  aircraft  for  live  firings.  than  hose  problem  a 

ready  discussed,  no  problems  were  encountered  in  providing  this  support.  uuiems  ai 

. ..  Launch/ Recovery  Operations.  Information  concerning  launch/recoverv  operations 

is  discussed  in  the  paragraph-^titl^^  Operations,  below,  and  in  Appe nSIx  C P 

thp  Pni\/i^noHOIIOman  A'r  F°rCe  Base  lnterface-  The  appeal  of  Holloman  Air  Force  Base  for 
the  PQM-102  program  was  its  proximity  to  White  Sands  Missile  Range  its  special  drone  run 

way,  the  support  obtainable  from  the  49th  Tactical  Fighter  Wing  for  air-to -a^r  operaSns 
and  its  isolation  from  populated  areas.  air  10  air  operations, 

91  Th-  Traffic  Operations.  The  QF/PQM-102  was  launched  and  recovered  on  Runwav 
Th,' hru,Tay  was  "ot  normally  used  by  the  49th  Tactical  Fighter  Winq.  Launch  waSV 
accomplished  by  transferring  to  a backup  tower  frequency,  diverting  local  pattern  traffir 

7"  SeqUenCe„0f  SUbSeqU6nt  events  'aun^h^KoJe^are 

oiscussed  in  Appendix  E.  To  recover,  all  stations  transferred  to  a backup  frequency  Drior 

wasd  anded  Ai^I^fhc  HiT™  '°Cal  tr?fJ'C  was  diverted  from  the  area  until  the  drone 
was  landed.  Air  traffic  diversions  were  carried  out  in  stages,  dependinq  on  the  location  of 

e drone.  Local  roadblocks  were  set  up  from  5 minutes  prior  to  launch  until  handover 

and  from  5 minutes  prior  to  recovery  until  the  drone  landed.  The  chase  aircraft  took  off 

on  Runway  21,  2 minutes  prior  to  launch,  entered  a closed  pattern,  called  for  launch  an- 

rhP iV  30  seconds  out,  and  arrived  abeam  of  the  drone  at  liftoff.  After  the  recovery 
the  chase  landed  normally  m accordance  with  tower  instructions.  y' 

The  operation  described  worked  to  the  satisfaction  of  all  concerned  Mistakes 

“o  JSsmair  49'h  TaC'iCi"  Fi9h,er  Wi"9  "yins  schcdulc  <aeP'°*'™tely 

. ...  .n.^  TntenadcdSuPPort'  The  contractor  received  certain  maintenance  suooort 

from  the  49th  Tactical  Fighter  Wing.  Since  this  operation  was  administeredX  the  Ah 
Force  Contract  Management  Office,  it  is  not  discussed  in  this  report. 

half  of  BuildiS^I>iIh^li:Larhe,a1f0rT?,e  PAVE  DEUCE  pr09ram  was  in  ,he  ««tern 
foot  ^f  u ° 9 901  and  51^-  The  contractor  was  provided  with  12  000  sauare 

feet  of  hangar  space  and  2800  square  feet  of  office/shop  space.  The  hanqar  space  wasd 
shared  with  Detachment  6,  43rd  Air  Rescue  and  Recovery  Squadron  (MAC)  which  used 

/or  maTtenenL  operatiom0  °r9aniza,ions  used  a total  °<  15.6°°  «*»">  of  floor  space 

nf  RuiiHinn  oil  eaHy  -5aptelSfr  1974,  the  government  vacated  its  offices  on  the  west  side 
office ^ anTaTar^rSSrg^""6  SqU8re  ,ee'  °f  SpaCe  ,0r  ,he  contr*'OT’a  “"<">1 

age  shop  hi^r°^,rr^ an 

operational3 phased  ^^thp^p  AlthoHgh  some  of  the  requirements  were  relaxed  during  the 

cTab!irty  usPnnhe  teility  9" 9 ^ C0n,rac,0r  “8S  not  able  ,d  a*Pa"d  •»» 
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c.  Safety 


The  safety  effort  was  evaluated  from  four  aspects:  (1)  contractor  comoliance  with 
system  safety  requirements,  (2|  flight  safety,  (3)  ground  safeiy,  and  (I)  Ige  safet? 

, ♦ (1)  System  Safety.  The  contractor's  plan  for  compliance  with  SOW  requirements 

for  system  safety  was  approved  by  the  PQM-102  SPO  on  24  August  1973.  requirements 

^ preliminary  hazard  analysis  was  performed  and  hazards  were  identified  in 

CA?thouah  thphe  rnalVSIS  also  indicated  how  the  hazards  were  to  be  eliminated 
or  reduced.  Although  the  plan  was  not  based  on  formal  safety  analyses  it  was  judged  to 

^£dsr^r^smen,a,io"  °f  the  ™ 

parison  SL  25Kr  A^o 

™SI S0"5  srsed  in  aM  normal  W*™.  and  resulted  in a strong  atty  awa^e- 
ness  on  the  part  of  all  contractor  personnel.  The  only  deficiency  in  the  program  rested 

™ tha  failure  t0  Perform  the  system  safety  tasks  during  the  earlier  phases  of  the  pro- 

wem  oAhP  hlShh  ' hhen  Sy*te"}  malfunctions  occurred,  the  analyses  and  corrective  measures 
were  of  the  hobby-shop,  cut-and-try  technique.  Generally  the  first  correction?  va/pi-p  in. 
adequate  and  the  condition  reoccurred  during  subsequent  operations. 

satisfactory)  ShSSl'  Gro“nd  safety  was  continuously  evaluated  and  was  rated  very 
satisfactory  When  hazardous  conditions  were  discovered  they  were  quicklv  corrected  and 

the  contractor  was  qu,ck  to  respond  to  guidance  from  local  Air  Fora 

n «.  • Tifnge  Safaty-  The  QF/PQM-102  satisfied  all  White  Sands  Missile  Ranqe  safetv 
constraints.  The  procedures  and  restraints  imposed  by  range  safety  considerations  comoli  V 
cated  the  task  of  operating  and  maintaining  the  PQM102;  howeve?  tSe  we n Z te7 
requirements  which  were  not  met  because  of  range  safety. 

d.  Miscellaneous 

an  . .JV  Electromagnetic  Interference/Compatibility  (EMI/EMC).  The  ability  of  the  FCSS 
sv?tpm?epndefSVStemS  operate  without  degradation  from  EMI  emanating  from  other  various 

tto“  to  ISlrc  thn^thn  Ff^Ur“5  “,"Tal  ,0  ,he  PQM'102  wa!  evaluated  al°"9  wi,h  evalua- 
tions  to  insure  that  the  FCSS  and  interface  systems  did  not  generate  EMI. 

io7,  c , To  accomplish  the  evaluation  a series  of  tests  were  accomplished  on  5 June 
1974.  Systems  tested  included  the  FCSS,  MGS,  FGS,  DIGIDOPS,  UHF  command  destruct 
receiver,  radar  altimeter  AN/APX-25  IFF,  AN/ARC-34  radio  LOC  tone,  F-4  Sft  file 
control  radar,  and  the  basic  F-102  aircraft. 

uu.,  , DV[in?  the  testing,  each  system  was  exercised  and  responses  were  monitored 
Additional  monitoring  equipment,  including  a strip  chart  recorder,  test  boxes,  and  voltmeters 
were  used  in  order  to  thoroughly  monitor  all  responses,  Special  interest  was  given  to  the 
destruct  system,  including  the  UHF  destruct  system.  Effects  of  the  DIGIDOPS  and  ARC-34 
UHF  transmitters  to  the  UHF  destruct  receiver  signal  strength  voltage  were  momtomd 

„ Three  EMI  related  problems  were  experienced.  A pitch  transient  (elevon  movp- 

ment)  was  observed  just  as  the  speed  brakes  became  fully  closed.  Pitch  transients  were  also 
bserved  when  either  the  right  or  left  boost  pumps  were  energized.  The  AN/ARC-34  trans- 
mitter caused  fluctuation  of  the  g downlink  telemetry  as  observed  on  the  FGS  and  MGS  No 
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perienced  during  conduct^  none10"'  several  ^inor  Problems  were  ex- 

While  the  three  problems  were  repeatable ZJL  t t "ere  concluded  to  be  EMI-related. 

BTLffiS  closure  we9reS 

checks  (landing/takeoff  command  .atch^cf  ^ 

OF  flights,  i n di  ca  ted™3  sat  i ac'/cfry  ^e  ve  ^ of  ''elect  ro  m aq  n e tl°  r * SerieS  °f  manned 

the  fact  that  aircraft  response  (infliaht)  tn  th^Ir^39  ♦ * u compatibility,  primarily  due  to 
mittent  nature  of  the  problems  "nld  no bee"  observed-  The  inter- 
of  major  concern.  ' mcluc!m9  var'ous  telemetry  fluctuations,  was  not  an  area 

mental  effects  on  ThTentTre  PQ  M -To? Target* System  ^The  W?  ^ defterminatlon  of  environ- 
to  environmental  effects  was  a drift  in  frpnnpnru^?'  ^he  °n  y ldentlfied  Problem  relating 

issatast  js  £r=  E2  ~ f3ssr» s- js? 
“ «_  BcSTSsr.  s-r;s_. 

because  of  the  almosTcom^ete1 atis^nce  o^oD^rati011  ar6a  WaS  cursorY-  at  best, 

development  and  test  phase  In  the  time  nprtnH3* °nai 1 techn|Ca|  data  throughout  the 
flight,  the  contractor  prepared  and  submitted  checklkt^'f316  V preceedin9  the  first  PQM-102 
last  month  of  the  development and %Xera!!0,“l  use'  Durin9  the 
F-102A  Flight  Manual  was  submitted.  The  followina  rnmm  + 3 br3t!  suPP|emer,t  to  the 
tutethe  evaluation  of  operational  technical  data  9 0mments  on  these  two  areas  consti- 

for  the  PQ M -ffijTor^ u gi^^7^~V h is ^mam?a  I™ C t0  f submitted  an  operational  manual 
quently  used  on  PQM-102  flights  The  contractor  nJf  atPpro)'ed  bV  ApSWC  and  subse- 
during  the  pre-IMULLO  practices.  ' Conseouent^?  thp  ^ the  operatlonal  Procedures 
very  effective  document.  Procedures  were  esta^lkhpri™/™3  r^3-5  Yalldated  .and  became  a 
and  deletions  for  the  manual  to  reflect  charmpc  ■ or  submitting  additions,  changes, 
for  example),  and  additional  innur.  tnm  cTf  10  operatlon  <usa  of  ground  spare  drone, 
and  test  phase,  this  operational  Manila?  adeouatelv^nH^r  AVihe  °f  the  devel°Pment 
for  normal  operation  of  the  PQM-102  Target  System  CLJrately  reflected  the  procedures 

for  the  F- 1 02 A^an^T^ O^^'Tech'n ica^Order^ ^ F™1 02A ^ 1SUppleme,]teg  the  fight  manual 
IV.  The  manual  was  submitted  near  the  end  of  thI°HA  t Chan9e  Sect|ons  I through 

■=S|SS=Sr=i“ 

cneckhst  and  flight  manual  procedures  were  mandatory. 
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•The  Emergency  Procedures  in  Section  III  were  complete;  however, 
the  procedures  were  not  clear  and  concise  because  of  combining 
three  aircraft  (F-102,  QF-102,  and  PQM-102).  In  addition,  Section 
V (Operational  Limitations)  and  Section  VIII  (Crew  Duties,  i.  e., 
ground  controllers  for  PQM-102  operations)  of  the  manual  required 
supplementing. 

In  summary,  any  true  evaluation  of  the  PQM-102  operational  technical  data 
awaited  contractor  submission  and  correction,  and  PQM-102  SPO  approval.  Suffice  to  say, 
no  other  personnel,  other  than  those  employed  by  the  contractor,  could  operate  the  system 
because  of  the  inadequate  and  unprovided  technical  data. 

(4)  Human  Engineering. 

Method  of  Test:  QF/PQM-102  airborne  equipment  and  AGE  were  examined 
for  compliance  with  the  requirements  of  MIL-STD-1472.  Consoles  and  display  panels  were 
checked  for  dimensions  and  layout.  Switches,  levers,  lights,  gauges,  and  other  displays  were 
evaluated  for  function,  orientation,  protection,  labeling,  and  color.  Environmental  protec- 
tion for  maintenance  personnel  and  remote  control  operators  was  observed  on  a daily  basis; 
precise  measurements  of  the  environment  were  not  made,  but  obvious  deficiences  were  noted 
and  are  addressed  in  the  following  paragraphs. 

Flesults:  MIL-STD-1472  requirements  were  met  throughout  the  system  with 
a few  minor  exceptions.  Seven  of  the  indicator  lights  on  the  standard  data  panels,  Panel 
No.  4015242,  were  activated  by  switch  position  rather  than  system  response.  On  the  same 
panels,  the  use  of  a red  light  to  indicate  direct  throttle  operation  violated  the  color  codinq 
of  MIL-STD-1472. 

The  orientation  of  the  X-Y  plotting  boards  used  by  the  remote  operators  at 
both  the  FGS  and  MGS  was  marginal.  At  the  FGS  the  plotting  board  was  too  far  from 
the  controller  and  precise  control  of  the  ground  track  was  difficult  because  the  controller 
could  not  see  the  display  clearly.  At  the  MGS,  the  location  of  the  plot  board  (down  and 
to  the  controller's  left)  required  the  controller  to  look  away  from  the  instruments  and  the 
direction  of  approach  in  order  to  see  the  plotting  board.  While  the  orientation  of  the 
plottings  boards  was  not  a significant  problem  during  the  test  program,  new  FGS  installa- 
tions should  definitely  include  a better  plotting  board  location.  The  mobile  plotting  board 
orientation  would  be  more  difficult  to  correct  and  could  be  a more  significant  deficiency 
at  operating  locations  where  weather  conditions  require  extensive  use  of  the  plotter  during 
launch  and  recovery. 

The  environmental  protection  provided  for  the  remote  operators  on  the  MGS 
was  unsatisfactory.  The  awning  provided  some  protection  from  rain  and  sun  but  was 
lowered  during  pattern  operation.  Furthermore,  no  thermal  protection  was  provided. 

During  cold  weather  operation,  the  environment  was  severe  enough  to  require  arctic  cloth- 
ing and  to  degrade  the  operator's  performance. 

(5)  Voice  Communications.  Several  voice  communication  systems  were  established 
and  maintained.  A UHF  system,  normally  operating  on  either  a Holloman  Air  Force  Base 
tower  frequency  or  a White  Sands  Missile  Range  assigned  project  frequency  of  379.7  MHz 
provided  two-way  communications  among  the  operators  at  the  FGS,  MGS,  maintenance- 
launch  vehicle,  chase  aircraft,  and  QF-102  aircraft.  Receive-only  monitors  were  provided 
personnel  located  in  the  King  I telemetry  room,  the  FPS-16  radar  site,  the  DIGIDOPS 
telemetry  room  (Building  902),  and  the  prime  contractor's  conference  room  (Building  901). 
The  uplink  LOC  tone  from  the  QF-102  aircraft  was  transmitted  on  the  frequency  selected 
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(tower  or  project),  and  on  PQM-102  aircraft  only  on  the  project  frequency.  A fixed  fre- 
quency VHF  system  was  also  used  for  FGS/MGS  two-way  communications.  A battery- 
operated  back-up  unit  was  provided  for  use  at  the  FGS  in  the  event  of  power  failure.  An 
additional  VHF  system,  consisting  of  three  battery-operated  portable  units,  was  provided  for 
maintenance  flightline/runway  operations.  An  intercom  system  was  provided  for  communi- 
cations among  the  FGS  and  radar  operators  and  a similar  system  was  used  on  the  MGS. 

An  additional  system  was  used  among  the  launch  control  vehicle,  maintenance  personnel 
and  the  QF-102  pilot. 

Evaluation  of  the  communication  systems  could  only  be  done  on  a qualitative 
basis.  Overall,  communications  were  considered  adequate  but  not  highly  reliable.  Numerous 
problems  were  experienced  with  the  UHF  and  launch  control  vehicle  intercom  systems.  De- 
spite personnel  operating  errors,  component  failures,  and  careless  wiring,  no  serious  mission 
impacts  resulted.  The  launch  control  vehicle  intercom  system  definitely  requires  replacement 
and  consideration  should  be  given  to  procurement  of  a more  reliable  UHF  system  for  this 
vehicle  and  the  MGS.  Of  the  flights  evaluated,  at  least  12  UHF  communication  problems 
were  experienced  with  the  FGS,  MGS,  QF-102,  and  launch  control  vehicle. 

(6)  Reliability.  The  SOW  mission  reliability  requirement  for  the  QF/PQM-202 
Target  System  was  90  percent.  That  value  required  19  of  21  flights  (14  QF-102  and  5 
PQM-102)  be  verified  by  the  PQM-102  SPO/AFSWC  as  successful.  Twenty-two  record 
flights  (16  QF-102  and  6 PQM-102)  were  flown  to  evaluate  the  90  percent  reliability  re- 
quirements. One  flight  was  outside  the  F-102  performance  envelope  and  was  not  counted 
toward  mission  reliability.  The  record  flights  not  meeting  SOW  criteria  were  QF-102  Record 
Flight  No.  3,  6,  7,  8,  12,  and  14,  and  PQM-102  Record  Flight  No.  1.  An  accounting  of 
these  flights  is  as  follows: 

QF-102  Record  Flight  No.  3:  This  flight  was  considered  successful 
due  to  the  involvement  of  one  and  possibly  two  failures  on  govern- 
ment furnished  equipment.  The  PQM-102  had  the  option  to  re-fly 
since  the  mission  failure  was  due  to  the  government  furnished 
equipment  in  question. 

QF-102  Record  Flight  No.  6,  7,  8,  and  12:  Failure  of  these  flights 
was  attributed  to  one  failure  mode.  Under  the  reliability  ground 
rules  and  assumptions,  the  contractor  corrected  this  design  defi- 
ciency by  installing  a maneuver  programmer  roll  error  integrator. 

The  modification  eliminated  the  steady-state  roll  offsets  previously 
encountered  during  presentations.  By  applying  accepted  reliability 
practices,  only  one  failure  and  three  successes  were  credited  to  the 
contractor's  record  for  these  four  flights. 

QF-102  Record  Flight  No.  14:  This  flight  was  established  as  un- 
successful due  to  failure  of  contractor  furnished  equipment  and 
was  credited  to  the  contractor's  failure  record. 

PQM-102  Record  Flight  No,  1:  This  NULLO  was  unsuccessful. 

The  aircraft  auto  trim  followup  micro  switch  (government  furn- 
ished equipment)  malfunctioned  causing  an  air  abort.  This  record 
flight  was  reflown  with  outstanding  success. 

In i summary,  of  the  12  record  reliability  flights  flown  for  mission  reliability 
2 failures  and  19  successes  were  credited  to  the  contractor's  record.  Using  the  following 
formula  for  mission  reliability  the  QF/PQM-102  Target  System  reliability  was  90.47  percent: 

Number  of  Successful  Record  Flights 
Total  Record  Flights 
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SECTION  V 


FINDINGS  AND  RECOMMENDATIONS 


1.  GENERAL 


U0f,nt,Air  *»■  need  for  a super- 

the  de-manrated  concept  were  verified  durinq  the  DT&E'  nn  my^tem  performance  as  well  as 
ommended.  Within  the  scope  of  the  areas  a9ririrp«0J  ■ 71ajor  sVstem  changes  were  rec- 
all-contractor operation  proved  to  be  acceptabfe  th'S  d°CUment-  the  concept  of  an 

system/ concept ^ mprovTmen r AFSWC  fmdm9s  and  where  applicable,  recommendations  for 
2.  FCSS 

a.  The  compressor  should  be  modified  sn  that  thn  ■*  , ■ 

software  can  be  made  with  hardware  This  wi  l .IJ? ® Prt!' '%ch“k  current|y  made  with 
time  and  would  not  be  difficult  to  implement  With  thp°nS' 6-  amount  of  computer 
dated  only  when  the  parity  check  was  valiri  a'nH  *h  the  m°dlficatl°n,  data  would  be  up- 
magnetic  tape.  V WaS  Va!,d'  and  the  par'tV  l«t  would  not  be  recorded  on 

excellent.  The ^nly' potent ia/  problem  Ve™was  tro1  m°des  of  the  FCSS  was 

bank  angles.  In  this  flight  regime  the  oitch  avis  ™^  h°Ld  at  h'9h  alt'tudes  and  high 
unstable  above  0.8  Mach  Since  this  chamr^S-i  mUCh  °f  ltS  stability  and  may  go 
fic  hardware  fix  is  not  recommended  Ca  f mu  he  p0"™?,  t0  umost  aut0Pil0^  a Veci- 
of  bank  above  35,000  fee,  since  pitch  escalations  ma^Sfl,  ttadThoS  “**?" 

siderably  p“f  dVf  fere^i! ial3^ evon  fe°Hh  ,"nc"<;n  of  the  FCSS  was  con 

flight.  The  proposed  roll  integrator  modification  Jil  ili™'  V°,a!|e  lJnor  to  each  NULLO 
.hough  the  change  »i„  cause  a larger  bank  M!  S2SZS%? 'SSXSJX?'- 

jvhen  the  artItoUeluyste:  hid  '&£***  »as  ■ «inc.  possibility 

Since  lockout  may  result  in  unpredictable  and  spuptp  mV  lsconnecting  the  airspeed  input, 
this  modification  be  made  a permanent  feature  of  all  NULLO ’’fHhi*  ,Screc°mmended  that 
also  be  made  to  determine  the  cause  of  excessive  a inariinn^J ?hts-  Further  efforts  should 
.here  remains  a small  theoretical  possibility 

'rvell  understood.  Specifically11  h^f/reference  ahsoeed  * °f  carrier  should  be  tested  and 
sudden  pitch  down  if  LOC  occurs9  due  to  the  a2j  during  presentations  may  cause  a ' 
transonic  flight,  LOC  may  cause  severe  nitrhMfii  k °"  P'^  mode  being  set.  During 
reference  airspeeds  should  be  avoided  a^hiqh  altitude°to  l_^alt,tHde  h°ld  ,s  engaged.  Low 
pressor  stall,  although  the  rate  of  thrott'le^vSVI’s 
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3.  MAINTENANCE 

shooting  purpose^'Wesenf^techn^ues6  o^switchir^'^ECL|S  SSS 

aircraft  are  not  acceptable  H n ng  tLU  around  and/or  trying  on  different 

ECU  exhau°7  ahow^mnrpr66S  Ce,",i9rada  Should  be  q*d  °"  *■ 

tion  during  ECU  starts  ° to  allow  more  accurate  evaluation  of  the  engine  condi- 

target  gX1Santord  t0  be  devel0ped  ,OT  “P^'on/maintenance  of  the  radar  simulator  and 

rrste  mgs  po r,sble  “ 

was  not  operative.  No  spare  Onan  aeneratnrc  m/pro  T,fiLi  ** 0 MGS  0nan  generators 

curred  when  one  was  removed  for  periodic  maintenance  or  rea?aireX,enS'Ve  d°Wn  ,ime  M' 

tion6  of ^h^ch^antenna6  i^^^peraUon^^hi^sTOdd^l^hiTKjre^cc  *"?  “ f"“  d~' 
of  miss  distances.  ow  more  accurate  real  time  evaluation 

fonow-uMp°of  FCkVoS,  “cT'and  roSfim  ; ^0r^n“vrrSufred<:,i0n'  ^ 
modern  Ui^e^uiprn en/in^t he 'mc/s^PQM  cc‘mmu^atl0ns  ate  urgently  required.  Use  of 

tools  in^ppo^of°^e^e6mai?rateddc^emUePtsPone'^lnt  ,eS,i"9  Proved  *°  be  ade1ua« 
cannot  ^be^mprov^^y'r^fned^/ocedures.8^  d^nam’cs- 

SSO^e^re^covera^^azimuthfbwa^^o/irwe^igm^and^sphct^Xa^hone61^ exist6  *Ub 

4.  OPERATIONS 

Missile  Range  a^sfstance^n  SeToSg  JS?  ^ Sh°U,d  °',idia"V  &"* 

requirements  sho^dbeeconsiderreadnl' X1!orib!e/snl!nta  ,Miss'le  Range  documentation 

Introduction/Statement  of cSanra  i?  , ^Tn™-  be  an  “"inclusive  Program 
type  missile  prepared  ahead  of  any  specific  req6ui4men°P6ra,'°n  Requirements  ,or  ead>  AIM 

launch  operaTtiorJV|'mpo?eddaS  wm's^^li^TSS.Sn?"  XR6AT^SrtndNMTUmen’  duri"9 
requests.  In  view  of  the  high  expenditures  involved  m l.  XRAY  • n notice!  type  scheduling 
Holloman  Air  Force  Base,  the  aT  FoSlhS  ^.,ls,  S.?9,  an  a'L',0'air  op?ra,ion  ^d  a< 
level  necessary.  g re  ie^  from  the  constraint  at  the  highest 
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(3)  The  King  I complex,  while  very  convenient  to  Holloman  Air  Force  Base  nnerati™ 

roaSimn™VaXe?  bV  PQM,°2  °pera,ion-  Whi,e  Sands  Missile  Range ™„uld 
to  improve  King  I capabilities  in  such  areas  as  communications  vertiral  nint  ranaJrl  requested 

requirements,  and  floor  space  la, ready  competed  inTn  u“S%ddS  SMjTbSIIS^. 

d Facilities  in  Building  901  were  very  cramped  during  the  DT&E  operation  The  rnn 
tractor  demonstrated  an  excellent  ability  to  estimate  facilities  requirements  to  SuDDorl  te 

tor^es^imate^of  h^Tequ^rements^3*01603^6  °Pera,i°n  Sh°Uld  seriouslY  c0nsidcr  ,he 

c.  Contractor  operational  technical  data  was  incomolete  This  Hata  chr>niH  iv,  . . 
prior  to  any  redeployment,  rehiring  of  new  personnel  or' 'SdirJction 'of  mission  P'e’ed 

in  th’  Vfnous  m the  area  °f  human  engineering  do  not  conform  to  MIL-STD  1479A 

In  the  interest  of  safety,  proper  modification  to  the  equipment  should  be  considered 

5.  SUMMARY  - PQM  102  CONCEPT 

FnrJphLPthM‘l°n  W3S  thf  c^lmination  of  a three  year  development  effort  to  provide  the  Air 

fXd f 1 keor,oa|antTh"9'  SUPerS°nic  ,arget  ™e  ^ "as  unmanZ  and  con 
cnn  h T j takeoff  to  landing  by  means  of  remote  control  terminals  on  the  around  Its 

canabihtv  fof'ISZfh'  permittf  simulation  of  high  performance  maneuvers,  a long  deeded 
capability  for  testing  an  increasingly  complex  array  of  air  armament  The  PQM  in?  LfrirmoH 

“““  °f  ^ Ma‘h'  a"d  °pa""‘< 

The  reduced  program  costs  for  the  PQM-102  were  as  follows: 

• Use  of  the  director  aircraft  previously  used  for  control  of  the  drone 
to  and  from  the  range  was  eliminated. 

• Procurement  of  expensive  range  control  radars  was  eliminated  by 
utilizing  existing  FPS-16  radars. 

a.  Elimination  of  Director  Aircraft 

Previously  converted  drone  programs,  such  as  the  QF-104  utilized  two  DT  TT  Hirprtnr 

contmleTifT T’  ™S  T"’  aircraft  controlled \h  droneTurinl ScSfS 

controMed  it  to  the  range  where  the  fixed  site  assumed  control.  Following  the  range  mission 

the  director  aircraft  resumed  control  until  the  MGS  assumed  control  on  final  aonmarh  Thp ' 
second  director  aircraft  acted  as  a backup  to  the  director  aircraft  Tn  control  AdStionallv 

the  FeTcW  andCT33PerAtrrast  ^ takf°ff  a"?  WaS  necessarV  due  to  incompatibility  between 
trol  lers.^were  ^reqidred  on  amisdo”  aV 7o49ordam°nT°h"erSi  P'U,S  ‘W°  airb°™  “n' 

trol'capatjHdy^'T^coat'^v*0’31  dUa'  re?n‘tan!|  °parad°".  lad^TndTxTenS'^m 

below:  h 9 Wa$  s,gmf,cant  due  t0  educed  fixed  cost  reductions  as  noted 

Fixed  Cost  Savings 

•No  requirements  for  two  T-33  aircraft 

•No  modification  required  for  conversion  of  T-33  to  DT-33 

•No  airborne  control  equipment  costs 
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Monthly  Cost  Savings 


No  proficiency  requirements  for  at  least  four  pilots/controllers 

No  maintenance  or  petroleum,  oil,  and  lubricant  costs  on  T-33  aircraft 
Mission  support  and/or  proficiency  support  a'rcrafI 

No  maintenance  cost  on  airborne  control  equipment 

Reduced  operational  cost  as  a result  of  no  checkout  on  director  aircraft 


Elimination  of  Separate  Range  Control  Radar 


and  thus  eliminated  the  co^RThi^h'wouTdTave beat'!!/**  ^”1  the  exis,m9  FFS-'R  radars 
systems  were  used.  01,10  have  been  mcurred  if  separate  C-Band  range  radar 


c.  De  Manrated  Concept 


which  ultimately  eliminated"^  cos^Ssodated UwithUethePPr0aChH  t0  the  converted  dr°ne  target 
targets.  For  example,  the  electron**  pa * a semb £ which1 ■“5a,fty  °f  previous  d™ 
electronics  necessary  for  remote  control  of  the  aTrcraft u 1lamed  the  maJ'ority  of  the 
that  the  ejection  seat  did  not  have  to  be  maintainoH  ’ jT.u  S dad  Potential  cost  savings  in 
junction  box  and  elevon  electronic  boxes  could  be  mal  mst?  Iatl0n  of  the  electrical 
pallet  assembly  down  the  seat  rails.  d 6 d by  merely  s,lding  the  electronics 


ment  program:'  f0"°Win9  three  areas  resU,ted  in  «*  savings  for  the  Research  and  Develop- 


SSSSft  fjCSS  ^ardware  and  aircraft  modification  cost  in  the 
altimeter  eSnated^'  ^ 


Reduced  maintenance  costs  as  a result  nf  rt 

to  maintain  and  support  such  as  thl  V f fe  support  systems 

system,  RAT,  pneumahc  force  fL  sySm^rr'i6^'10'' 
and  air  conditioning  systems.  V * ' IL-S,  panel  instruments. 


u nman  ned' abcraf  t 'W"  I 

tolerance"  tTSI^^A  "^*0^7’“^  ^ the 

to  be  subjected  to  a vianrnus  cafot  • erstre?sed  target  would  have  . 

incident.  Over  a period  of  vears  a msp.actl0[l  after  each  overstress 


tion  of 'the  remot°drone  c^miS'wTtem^frwnoht'liT  Orone  ,tar9ets-  did  not  allow  evalua- 
pilot.  Consequently,  a more  elaborate method  °J  the  SVS,em  by  ,he  airbome 

the  level  of  confidence  to  insure  a successful  tamof™™  testing  was  necessary  to  provide 
PMTS  that  is  electrically  «^rSr»JlTM'  ,This  W3S  done  by  ™a°s  of  a 
for  the  flightline  technician  to  stimulate test ^ and  ^ L®'6?,''?'"05'  Jhis  provid«i  a "»ns 
system.  For  the  present  PQM-102  program  'this  is  a lennth  faCCK  of  lh.e  drone  control 
employing  a totally  unmanned  concent  shn/,l, I rL  V .Jthy  process-  Future  programs 
to  the  PMTS.  One  other disiSante^ wou'd te  e vSn^f  2 "m''aU,°ma“d  ,es'  oaPabd*V 
ment,  since  the  PQM-102  target  would  have  to  be  re  manmed  ' ^ " re,erryablli,V  tequire- 
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savings 


(3)  In  the  future,  the  de-manrated  concept  can  potentially  offer 
when  the  following  occurs: 


even  greater  cost 


Reduction  of  QF-102  missions,  thus  reducing  number  of  pilots 
and  thus  reducing  number  of  proficiency  flights. 

• Elimination  of  requirements  to  have  current  F-102  pilots  as 
controllers  at  the  FGS  and  MGS,  thus  reducing  the  number 
of  proficiency  flights. 


• Reduction  in  premission  test  procedure  requirements  to  greatly 
reduce  check-out  time. 

(4)  Manrated  Versus  De-Manrated  Concept.  The  manrated  vtrsus  de-manrated  concept 
can  be  evaluated  by  comparing  estimated  initial  procurement  costs  and  monthly  operation  costs. 

The  QF-102  target  is  estimated  to  cost  about  10  percent  more  than  a PQM-102 
target  due  to  additional  hardware  and  higher  airframe  modification  costs. 

the  QF-102  has  the  full  capability  of  the  ground  controller,  then  monthly  oper- 
ating cost  differences  can  be  estimated  by  considering  the  reduction  in  maintenance  due  to 
not  having  to  maintain  manned  systems,  and  the  increase  in  maintenance  due  to  the  add:tional 

nciooUt  tlme  repuired-  Based  on  24  lights  per  month,  with  a breakdown  of  8 NULLO  8 
QF-122,  and  8 F-102  flights,  it  is  estimated  that  there  was  a cost  savings  of  at  least  $10  000 
per  month.  Obviously,  much  greater  savings  can  be  made  if  QF-102  flights  and  F or  TF'  pro- 
ficiency flights  can  be  reduced. 


D_  d-  -U  a direct  comparison  of  the  manpower  using  the  PQM-102  concept  on  the  existinq 
PQM-102  program  was  made  with  the  manpower  used  on  the  previous  QF-104  program  it 
would  be  found  that  a greater  number  of  NULLO  flights  could  be  conducted  with  one-third 
less  manpower.  . 


* 1 °u  conLcept  has  proven  t0  be  successful.  At  this  point  in  time,  23  success- 

inn  n ■ fhghts  bava  been  made  utilizing  four  PQM-102  aircraft,  and  one  de-manrated  QF- 
ino  Uuri/ig  these  fl|ghts,  the  performance  and  reliability  were  fully  demonstrated.  The  PQM- 
1U2  was  chased  by  modern  jet  fighters  and  air-to-air  missiles,  and  was  labeled  by  many  Air 
Force  fighter  pilots  as  an  invaluable  asset  for  the  realistic  evaluation  of  modern  weapons. 
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LIST  OF  ABBREVIATIONS  AND  ANCRONYMS 


ADC 

air  data  computer 

AGC 

automatic  gain  control 

AGE 

aerospace  ground  equipment 

AGL 

above  ground  level 

DIGIDOPS 

digital-doppler  scoring  system 

EBW 

exploding  bridgewire 

ECU 

engine  control  unit 

EGT 

exhaust  gauge  temperature 

EMC 

electromagnetic  compatibility 

EMI 

electromagnetic  interference 

FCSS 

flight  control  stabilization  system 

FGS 

fixed  ground  station 

FRC 

flight  reference  computer 

HEP 

hydraulic  elevon  package 

HEFU 

high  energy  firing  unit 

HVAR 

high  velocity  air-launched  rocket 

IFC 

interface  coupler 

ILS 

instrument  landing  system 

1 RIG 

inter-range  instrumentation  group 

KCAS 

knots  calibrated  airspeed 

KIAS 

knots  indicated  airspeed 

KTAS 

knots  true  airspeed 

LAMP 

low  altitude  maneuver  programmer 

LOC 

loss-of-carrier 

LOS 

line-of-sight 

4 


/ 
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LIST  OF  ABBREVIATIONS  AND  ANCRONYMS  (CONCLUDED) 


i 


» 


LRU 

line  replaceable  unit 

MGS 

mobile  ground  station 

MODEM 

modular/de-modular 

MSL 

mean  sea  level 

nmi 

nautical  mile 

NULLO 

unmanned  flight  (PQM-102) 

PMTS 

premission  test  stand 

PRF 

pulse  repetition  frequency 

RAT 

ram  air  turbine 

STB 

system  test  bench 

WOG 

weight-on-gear 

i 


: 

I 


! 
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APPENDIX  A 
MISSION  LOG 

The  development  flights  flown  during  the  Holloman  Air  Force  Base  phase  are  listed 
m this  appendix  AH  flights  are  listed  in  Table  A-1  except  those  flown  to  fulfill  p i ot 

fTiqnhlrceTneHtS  °f  A'r  F°rC?  Regulation  60-1-  Detailed  analyses  are  presented  on  all  record 
No hti6  d 3 Summary  of  maneuver  programmer  performance  follows  QF-102  Record  Flight 

The  various  types  of  flights  are  as  follows: 

, Rl'9hts  for  checkout  of  new  pilots/controllers  on  the 
QF/PQM-102  system. 

Development,  Test  and  Engineering  (DT&E):  Flights  for  demon- 

stratmg  tne  various  capabilities  required  under  the  SOW  (Appendix  D). 

Engineering  Evaluation:  Engineering  flights  by  the  contractor  to 

develop  and  troubleshoot  the  system  prior  to  DT&E  demonstration. 

Antenna  Evaluation:  Flights  used  for  reconfiguring  the  forward 

telemetry  system. 

DIG  I POPS:  Flights  for  checkout  of  the  DIGIDOPS. 

Smoke  System  Development:  Flights  for  checkout  of  the  smoke 

system. 

Emergency  Training:  Flights  flown  to  demonstrate  and  practice 

emergency  procedures. 

IB... Tests:  Special  flights  dedicated  to  an  ADTC  study  of  the 

IR  characteristics  of  the  QF/PQM-102. 

Record  Flights:  Flights  flown  to  officially  demonstrate  system 

performance,  safety,  and  reliability. 

Reliability  Flights:  Flights  flown  to  demonstrate  an  acceptable 

level  of  system  confidence  prior  to  the  first  NULLO  flight. 


r!2j-!.iSandiS  Miissi,lf  Ranqe  Qualification  Flights:  Flights  flown 

tor  White  Sands  Missile  Range  to  demonstrate  the  reliability  of 
the  destruct  system. 
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TABLE  A-1.  FLIGHT  LOG 


TABLE  A-1.  FLIGHT  LOG  (CONTINUED) 


Flight  No. 

Date 

Aircraft/Drone 
FAD  No. 

Type  of 

Flight  ; 

35 

18  Mar  1974 

602 

Antenna  Evaluation 

36 

19  Mar  1974 

602 

Antenna  Evaluation 

37 

21  Mar  1974 

603 

Engineering  Evaluation 

38 

21  Mar  1974 

603 

Engineering  Evaluation 

39 

22  Mar  1974 

603 

Engineering  Evaluation 

40 

22  Mar  1974 

601/606 

DT&E/DIGIDOPS 

41 

25  Mar  1974 

601 

DT&E 

42 

26  Mar  1974 

602 

DT&E 

43 

27  Mar  1974 

603 

DT&E 

44 

29  Mar  1974 

602 

Antenna  Evaluation 

45 

5 Apr  1974 

606 

DIGIDOPS 

46 

5 Apr  1974 

602 

Antenna  Evaluation 

47 

5 Apr  1974 

606 

DIGIDOPS 

48 

9 Apr  1974 

606 

DIGIDOPS 

49 

9 Apr  1974 

602 

Antenna  Evaluation 

50 

10  Apr  1974 

603 

Engineering  Evaluation 

51 

10  Apr  1974 

606 

DIGIDOPS 

52 

11  Apr  1974 

603 

Engineering  Evaluation 

53 

11  Apr  1974 

608 

Smoke  Development 

54 

16  Apr  1974 

606 

DIGIDOPS 

55 

16  Apr  1974 

608 

Smoke  Development 

56 

17  Apr  1974 

601 

Engineering  Evaluation 

57 

18  Apr  1974 

601 

DT&E 

58 

22  Apr  1974 

601 

DT&E 

59 

23  Apr  1974 

606 

DIGIDOPS 

60 

23  Apr  1974 

603 

Engineering  Evaluation 

61 

25  Apr  1974 

606 

DIGIDOPS 

62 

26  Apr  1974 

606 

IR  Test 

63 

26  Apr  1974 

608 

IR  Test 

64 

30  Apr  1974 

608 

IR  Test 

65 

2 May  1974 

608 

IR  Test 

66 

4 May  1974 

602 

Engineering  Evaluation 

67 

6 May  1974 

602 

DT&E 

68 

10  May  1974 

606 

DIGIDOPS 

33 


TABLE  A-1.  FLIGHT  LOG  (CONTINUED) 


Flight  No,  Date 


Aircraft/Drone 
FAD  No. 


14  May  1974 

15  May  1974 

16  May  1974 
16  May  1974 


73 

17  May  1974 

602 

74 

30  May  1974 

602 

75 

30  May  1974 

602 

76 

31  May  1974 

602 

77 

4 Jun  1974 

602 

78 

4 Jun  1974 

602 

79 

6 Jun  1974 

602 

80 

7 Jun  1974 

602 

81 

10  Jun  1974 

602 

82 

11  Jun  1974 

602 

83 

12  Jun  1974 

602 

84 

13  Jun  1974 

602 

85 

18  Jun  1974 

601 

86 

21  Jun  1974 

601 

87 

21  Jun  1974 

606 

88 

24  Jun  1974 

601 

89 

24  Jun  1974 

601 

90 

25  Jun  1974 

601 

91 

26  Jun  1974 

601 

92 

28  Jun  1974 

602 

93 

29  Jun  1974 

603 

94 

29  Jun  1974 

601 

95 

1 Jul  1974 

601 

96 

1 Jul  1974 

603 

97 

2 Jul  1974 

601 

98 

2 Jul  1974 

601 

99 

3 Jul  1974 

601 

100 

8 Jul  1974 

601 

Type  of 

Flight 

DT&E 

DT&E 

DT&E 

DT&E 

DT&E 

DT&E 

DT&E 

DT&E 

Emergency  Training 
DT&E 

Emergency  Training 

DT&E 

DT&E 

DT&E 

DT&E 

Training 

DT&E 

DT&E 

DIGIDOPS 

Training 

Training 

DT&E 

DT&E 

DT&E 

Engineering  Evaluation 
Engineering  Evaluation 
Emergency  Training 
Engineering  Evaluation 
DT&E/Reliability 

DT&E/Reliability/White  Sands 
Missile  Range  Qualification 

DT&  E/Reliabil  ity/White  Sands 
Missile  Range  Qualification 

DT&E/Reliability/White  Sands 
Missile  Range  Qualification 


X.l  r 
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TABLE  A-1 . FLIGHT  LOG  (CONTINUED) 


Flight  No. 

Date 

A ire  raft/ Drone 
FAD  No. 

Type  of 
Flight 

101 

9 Jul  1974 

601 

DTSc  E/Reliabil  ity/White  Sands 
Missile  Range 

102 

10  Jul  1974 

601 

DT&E/Reliability/White  Sands 
Missile  Range 

103 

10  Jul  1974 

601 

DT&E 

104 

11  Jul  1974 

602 

DT&E/Reliability/White  Sands 
Missile  Range 

105 

12  Jul  1974 

602 

Engineering  Evaluation 

106 

15  Jul  1974 

602 

Engineering  Evaluation 

107 

16  Jul  1974 

602 

Engineering  Evaluation 

108 

17  Jul  1974 

602 

Engineering  Evaluation 

109 

17  Jul  1974 

603 

Engineering  Evaluation 

110 

18  Jul  1974 

601 

Engineering  Evaluation 

111 

22  Jul  1974 

601 

Engineering  Evaluation 

112 

23  Jul  1974 

603 

Engineering  Evaluation 

113 

26  Jul  1974 

601 

Engineering  Evaluation 

114 

26  Jul  1974 

602 

Engineering  Evaluation 

115 

29  Jul  1974 

602 

QF-102  Record  Flight  No.  1/ 
Reliability 

116 

30  Jul  1974 

603 

Engineering  Evaluation 

117 

30  Jul  1974 

602 

Reliability/White  Sands  Missile 
Range  Qualification 

118 

31  Jul  1974 

602 

QF-102  Record  Flight  (Incom- 
plete)/Reliability 

119 

1 Aug  1974 

601 

Engineering  Evaluation 

120 

1 Aug  1974 

602 

QF-102  Record  Flight  (Incom- 
plete)/Reliabil  ity 

121 

2 Aug  1974 

601 

QF-102  Record  Flight  No.  2/ 
Reliability 

122 

2 Aug  1974 

601 

Reliability/White  Sands  Missile 
Range  Qualification 

123 

3 Aug  1974 

601 

QF-102  Record  Flight  No.  3/ 
Reliability/White  Sands  Missile 
Range  Qualification 

124 

3 Aug  1974 

602 

Engineering  Evaluation 

125 

5 Aug  1974 

601 

QF-102  Record  Flight  No.  4/ 
Reliability 

126 

6 Aug  1974 

601 

QF-102  Record  Flight  No.  5/ 
Reliability/White  Sands  Missile 
Range  Qualification 

135 


TABLE  A-1.  FLIGHT  LOG  (CONTINUED) 


Flight  No. 

Date 

Aircraft/Drone 
FAD  No. 

Type  of 
Flight 

127 

7 Aug  1974 

601 

Emergency  Procedures 

128 

7 Aug  1974 

602 

Engineering  Evaluation 

129 

8 Aug  1974 

602 

Engineering  Evaluation 

130 

8 Aug  1974 

602 

QF-102  Record  Flight  No.  6/ 
White  Sands  Missile  Range 
Qualification 

131 

10  Aug  1974 

602 

QF-102  Record  Flight  No.  7/ 
White  Sands  Missile  Range 
Qualification 

132 

12  Aug  1974 

602 

Pre-NULLO 

133 

13  Aug  1974 

605 

PQM-102  Record  Flight  No.  1 
(NULLO  No.  1) 

134 

14  Aug  1974 

602 

QF-102  Record  Flight  No.  8 

135 

15  Aug  1974 

602 

QF-102  Record  Flight  No.  9 

136 

16  Aug  1974 

601 

Engineering  Evaluation 

137 

19  Aug  1974 

603 

Engineering  Evaluation 

138 

22  Aug  1974 

605 

PQM-102  Record  Flight  No.  1 
Re-fly  (NULLO  No.  2) 

139 

26  Aug  1974 

601 

Pre-NULLO 

140 

27  Aug  1974 

605 

PQM-102  Record  Flight  No.  2 
(NULLO  No.  3) 

141 

28  Aug  1974 

601 

Pre-NULLO 

142 

3 Sep  1974 

602 

Engineering  Evaluation 

143 

3 Sep  1974 

602 

QF-102  Record  Flight  No.  10 

144 

4 Sep  1974 

605 

PQM-102  Record  Flight  No.  3 
(NULLO  No.  4) 

145 

5 Sep  1974 

602 

Engineering  Evaluation 

146 

5 Sep  1974 

602 

QF-102  Record  Flight  No.  11/ 
Pre-NULLO 

147 

6 Sep  1974 

602 

QF-102  Record  Flight  No.  12 

148 

10  Sep  1974 

604 

PQM-102  Record  Flight  No.  4 
(NULLO  No.  5) 

149 

12  Sep  1974 

602 

Engineering  Evaluation 

150 

12  Sep  1974 

602 

Engineering  Evaluation 

151 

13  Sep  1974 

602 

Engineering  Evaluation 

152 

16  Sep  1974 

602 

Engineering  Evaluation 

153 

17  Sep  1974 

602 

Engineering  Evaluation 
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TABLE  A-1.  FLIGHT  LOG  (CONTINUED) 


Flight  No. 

Date 

Aircraft/Drone 
FAD  No. 

Type  of 
Flight 

154 

19  Sep  1974 

602 

Engineering  Evaluation 

155 

20  Sep  1974 

602 

Engineering  Evaluation 

156 

23  Sep  1974 

602 

Engineering  Evaluation 

157 

158(1) 

25  Sep  1974 

602 

Pre-NULLO 

26  Sep  1974 

606 

PMQ-102  Record  Flight  No.  5 
(NULLO  No.  6) 

159 

27  Sep  1974 

603 

Engineering  Evaluation 

160 

28  Sep  1974 

603 

Engineering  Evaluation 

161 

30  Sep  1074 

603 

Engineering  Evaluation 

162 

30  Sep  1974 

603 

Pre-NULLO 

163 

3 Oct  1974 

603 

Engineering  Evaluation 

164 

4 Oct  1974 

604 

NULLO  No.  7 

165 

7 Oct  1974 

603 

Engineering  Evaluation 

166 

8 Oct  1974 

606 

NULLO  No.  8 

167 

9 Oct  1974 

603 

QF-102  Record  Flight  No.  13 

168 

10  Oct  1974 

603 

Engineering  Evaluation 

169 

10  Oct  1974 

602 

QF-102  Record  Flight  (Incom- 
plete) 

170 

11  Oct  1974 

602 

QF-102  Record  Flight  No.  14 

171 

11  Oct  1974 

602 

QF-102  Record  Flight  No.  14 
Re-fly  No.  1 

172 

12  Oct  1974 

603 

Engineering  Evaluation 

173 

18  Oct  1974 

602 

Engineering  Evaluation 

174 

18  Oct  1974 

602 

Engineering  Evaluation 

175 

23  Oct  1974 

602 

Engineering  Evaluation/Training 

176 

25  Oct  1974 

601 

Engineering  Evaluation 

177 

30  Oct  1974 

601 

Pre-NULLO 

178 

30  Oct  1974 

601 

Engineering  Evaluation 

179 

1 Nov  1974 

606 

NULLO  No.  9 

180 

4 Nov  1974 

601 

Engineering  Evaluation 

181 

5 Nov  1974 

601 

QF-102  Record  Flight  No.  15 

182 

6 Nov  1974 

606 

NULLO  No.  10 

183(2) 

7 Nov  1974 

601 

QF-102  Record  Flight  No.  16 

184 

12  Nov  1974 

605 

NULLO  No.  11 

185 

15  Nov  1974 

602 

IR  Test 

a 


TABLE  A-1.  FLIGHT  LOG  (CONCLUDED) 


Flight  No 

Date 

Aircraft/Drone 
FAD  No. 

Type  of 
Flight 

186 

18  Nov  1974 

602 

IR  Test 

187 

19  Nov  1974 

602 

IR  Test 

188 

20  Nov  1974 

606 

NULLO  No.  12 

189 

20  Nov  1974 

601 

IR  Test 

190 

21  Nov  1974 

601 

IR  Test 

191 

22  Nov  1974 

605 

NULLO  No.  13 

192 

22  Nov  1974 

602 

IR  Test 

193 

22  Nov  1974 

602 

IR  Test 

194 

3 Dec  1974 

602 

AIM/Captive 

195 

7 Dec  1974 

606 

NULLO  No.  14 

196 

9 Dec  1974 

601 

AIM/Captive 

197 

11  Dec  1974 

606 

NULLO  No.  15 

198 

12  Dec  1974 

603 

LAMP  Demonstration  (R&D) 

199 

17  Dec  1974 

604 

NULLO  No.  16 

200 

6 Jan  1975 

603 

Engineering  Evaluation 

201 

7 Jan  1975 

603 

Engineering  Evaluation 

202 

8 Jan  1975 

603 

Engineering  Evaluation 

203 

13  Jan  1975 

602 

Engineering  Evaluation 

204 

14  Jan  1975 

603 

AIM/Captive 

205 

15  Jan  1975 

605 

NULLO  No.  17 

206 

16  Jan  1975 

603 

AIM/Captive 

207 

21  Jan  1975 

601 

NULLO  No.  18 

208 

23  Jan  1975 

603 

AIM/Captive/Engineering 

209 

27  Jan  1975 

601 

NULLO  No.  19 

210 

28  Jan  1975 

601 

NULLO  No.  20 

211 

28  Jan  1975 

603 

AIM/Captive 

212 

30  Jan  1975 

601 

NULLO  No.  21 

212 

31  Jan  1975 

607 

NULLO  No.  22 

214 

31  Jan  1975 

601 

NULLO  No.  23 

Notes: 

(1) 

PQM-102  record  flights  complete. 

(2) 

DT&E  complete. 

QF-102  RECORD  FLIGHT  NO.  1 


Mission:  FG 

Profile:  QF2-I-9 
Date:  29  July  1974 


Zu'u  Time  at  Brake  Release:  16:10:47 

Data  Sources:  FGS  Controller,  Analyst 
Notes,  Strip  Charts,  and  PCM  Tape 


A I data  pomts  called  for  in  the  48-Hour  Plan  (Appendix  FI  were  flown  within  specification 
tolerances.  The  strip-chart  recorders  and  PCM  digital  tape  were  operational  for  this  mission 
There  was  no  unplanned  data  loss  for  this  flight  and  the  safety  pilot  never  took  control  of' 
the  aircraft.  Radar  123  was  put  in  the  passive  mode  during  pattern  work  to  eliminate  the 
interference  that  caused  much  of  the  data  loss  in  previous  flights.  The  afterburner  did  not 
ignite  for  the  programmed  maneuver,  but  this  did  nut  adversely  affect  maneuver  performance. 


Two  minutes  before  takeoff  the  air  data  Indicator  on  the  primary  console  indicated  a pitch 
angle  that  varied  between  -10  and  -15  degrees.  This  indicated  pitch  down  persisted  through 
takeoff  and  initial  climb,  and  approximately  5 minutes  into  the  flight,  the  air  data  indicator 
ro  led  inverted  (the  aircraft  was  not  inverted),  and  control  was  transferred  to  the  secondary 
console.  It  was  later  noticed  that  the  air  data  indicator  would  indicate  invented  flight  when- 
ever the  altitude  was  in  the  high  scale  range  above  7500  feet.  This  problem  did  not  affect 
mission  completion  and  was  later  traced  to  a wiring  problem  in  the  display  console. 


A total  of  35  destruct  commands  were  easily  identified  by  the  downlink  data.  No  problems 
were  noted  with  the  failsafe  arm  or  destruct  command  channels.  The  FGS  controller  had 
am, nor  problem  in  maintaining  a desired  ground  track  to  the  maneuver  initiate  point  but 
the  point  was  successfully  reached  at  the  desired  time.  No  serious  problems  were  uncovered 
during  this  flight,  and  the  minor  problems  have  been  identified  and  corrected. 


The  digital  PCM  tape  was  operational  for  this  flight.  Data  taken  just  prior  to  brake  release 
indicates  that  the  data  accuracy  is  0.27  percent  root  mean  square  (rms)  of  fullscale  value 
This  figure,  if  validated  in  future  flights,  yields  the  following  accuracies: 


Altitude  (low  scale) 

Airspeed 

Mach 

9 

Trigonometry  Functions  (roll,  pitch,  heading) 
Example:  roll  45  degrees,  cosine  0.707 


20.3  feet  rms 
1.76  knots  rms 
0.0038  Mach  rms 
0.038g  rms 
0.006  sin  or  cos  rms 
0.5  degree  rms 
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Angle  of  Attack  I 9 I Ro||  Cosine 


A 


QF-102  RECORD  FLIGHT  NO.  2 


Mission:  FF 
Profile:  QF 1-110 
Date:  2 August  1974 


Zulu  Time  at  Brake  Release:  15:00:15 
Data  Sources:  FGS  Controller,  Analyst 
Notes,  Strip  Charts,  Van  Tape,  and  PCM  Tape 


This  was  an  excellent  record  flight  and  all  events  were  flown  as  scheduled.  No  problems  were 
noted  during  the  flight  or  during  the  quick-look  strip  chart  analysis. 

An  attempt  was  made  to  acquire  the  drone  on  an  optical  pass  through  the  50-mile  area  The 
^dU"SX°d,c„Uee  3 h2Ze  Pr°blem'  N°  QF/PQM-'02  P-"-  P^ms  were 

Data  Loss  Intervals: 

15:29:28  for  18  seconds  (26,000  feet  in  60-degree  right  bank) 

15:29:50  for  10  second  (26,000  feet  in  60-degree  right  bank) 

15:30-15  for  12  seco  (26,000  feet  in  60-degree  right  bank) 

1 j:31  :30  for  3 seconc.  ollowing  LOC  demonstration) 

15:44:12  for  2 seconds  (3  minutes  prior  to  touchdown) 


Angle  of  Attack 


QF-102  RECORD  FLIGHT  NO.  3 


Mission:  A A 
Profile:  2-1-11 
Date:  3 August  1974 


Zulu  Time  at  Brake  Release:  16:31:15 

Data  Sources:  FGS  Controller,  Analyst 
Notes,  Strip  Charts,  and  PCM  Tape 


mltrhl"9,hrf,hiS.reC°rd  '.li9ht  r acc°m'jlished  srfe'V  and  as  scheduled,  it  must  be  considered 

9'  -,i.  Ue  t0  ai.'cra,t  per  ormance  during  the  programmed  maneuver.  All  other  data  points 
were  within  specification  tolerances.  po,nts 

After  a nearly  flawless  approach  to  the  maneuver  initiate  point,  the  bank  angle  overshot  the 
scheduled  value  of  75  degrees  by  8 degrees  and  subsequently  oscillated  between  75  degrees 
d 82  degrees.  The  plot  (Figure  A-3)  illustrates  aircraft  performance  during  this  time  inter- 

aTt itude  of  35  OOo'f  "t  *"  H T * *?****  * the  '°W  den$ity  at  the  maneuver  initiate 
altitude  of  35, mo  feet  and  the  g washout  at  the  end  of  the  maneuver  is  due  to  the  angle 

a°nd  the  ^ *”*.«*«•  WaS  diffiCU,t  t0  determi"*  botb  the  nominal  bank  angle 
and  the  nominal  g loading,  and  it  is  significant  to  note  that  the  bank  angle  is  slightly  out 

o tolerances  no  matter  how  the  nominal  is  chosen  from  the  plot.  A contributing  factor  to 
the  g-washout  was  the  failure  of  the  afterburner  to  perform  throughout  the  programmed 
maneuver,  causing  the  airspeed  to  decrease  from  338  KIAS  to  145  KIAS 

During  this  flight  the  familiar  ±1  degree  oscillation  in  pitch,  roll,  and  heading  at  a 2 to  5 
per  second  rate  was  ooserved.  A noticeable  altitude  fluctuation  occurred  during  event  9a 

of  altitude  he,H°'d  rS  en9a9ed  3t  0 95  MaCh  and  60  d6^ees  of  ba"k-  ^is  may Te  typical 
of  altitude  hold  performance  at  high  airspeeds,  bank,  and  altitude. 

rn  !henend  °!  the  fligbt  a Emulated  FGS  display  console  failure  was  presented  to  the  ground 

“ol  To  me  mgs’  51  emer3en<:y  W3S  handled  SWi,,IV  and  exper,ly  bv  <ra"^rri„g  Z 
Data  Loss  Intervals: 

16:50:00  for  12  seconds  (35,000  feet  in  50-degree  right  bank) 

16:52:28  for  6 seconds  (35,000  feet  in  60-degree  right  bank) 

16:57:10  for  2 seconds  (35,000  feet  level) 

16:46:45  for  6 seconds  (35,000  feet  level) 

17:02:00  for  4 seconds  (35,000  feet  in  60-degree  right  bank) 
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Figure  A-3.  Presentation  Performance  During  Event  8;  Scheduled  Bank: 
75  degrees,  right;  Scheduled  g:  4.0;  Altitude:  35,0000  feet 
MSL;  Entry  Airspeed:  0.96T  Mach 
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QF-102  RECORD  FLIGHT  NO.  4 


Mission.  AC  Zulu  Time  at  Brake  Release:  17:29:30 

Profile:  I I V -7  Data  Sources:  FGS  Controller,  Analyst 

Date.  5 August  1974  Notes,  Strip  Charts,  Van  Tape,  and  PCM  Tape 

This  flight  was  marred  by  the  recovery  sequence  in  the  maneuver  programmer.  All  events  were 
flown  as  scheduled  by  the  48-Hour  Plan  (Appendix  F)  and  aircraft  control  using  the  backup 
FCS  was  successfully  demonstrated. 


The  maneuver  program  (Event  10)  called  for  an  85-degree  right  bank  at  4g  for  15  seconds. 

The  maneuver  was  initiated  at  18:00:40  GMT  with  the  aircraft  at  35,000  feet  holding  1.08 
Mach.  Although  g buildup  time  was  excessive  (6.0  seconds),  the  maneuver  appeared  successful 
for  14  seconds.  Immediately  following  the  maneuver,  the  g loading  increased  to  6.0  at  18:00:57 
as  bank  decreased  through  60  degrees.  At  this  time  the  FGS  controller  commanded  wings  level 
but  the  pitch  continued  to  increase  to  +29  at  18:01:14  GMT.  This  occurred  despite  a positive 
nose-down  command  from  the  FGS  controller.  Finally,  at  18:01:20  GMT,  the  controller  rolled 
the  aircraft  inverted  to  affect  recovery.  Airspeed  on  the  display  console  indicated  well  below 
100  KIAS  at  this  time  although  the  safety  pilot  reported  that  it  did  not  drop  below  120  KIAS 
in  the  aircraft. 

Post  flight  analysis  indicates  that  the  excessive  elevator  deflection  required  during  this  maneuver 
retracted  the  lockout  pistons  in  the  left  HEP  valve,  and  this  caused  subsequent  electrical  com- 
mands to  the  control  surface  to  be  ignored.  When  the  electrical  command  to  rollout  was 
obeyed  by  the  right  HEP  value  only,  a resulting  pitch  moment  was  generated  causing  the  6g 
pullout.  Moreover,  since  the  electrical  pitch  trim  can  only  operate  at  1 degree  per  second, 
the  FGS  controller  could  not  quickly  unload  the  excessive  g that  were  encountered. 

It  can  be  concluded  that  any  prolonged  high  altitude,  high  g maneuver  may  cause  a repeat  of 
the  events  described  in  this  report.  Chances  for  a successful  presentation  and  recovery  can 
be  maximized  by  entering  the  maneuver  at  a high  airspeed  with  afterburner  on  and  by  short- 
ening the  presentation  time  to  less  than  15  seconds.  The  adverse  effects  of  retracting  the 
lockout  piston  in  the  HEP  valve  can  clso  be  minimized  by  selecting  the  backup  FCS  during 
recovery.  The  backup  control  system  actuates  the  HEP  valve  mechanically,  and  the  original 
purpose  of  retracting  the  lockout  piston  was  to  transfer  control  to  mecnanical  inputs.  Hence, 
the  FGS  controller  should  have  positive  control  available  for  recovery  if  the  backup  system 
is  selected. 

Data  Loss  Interval: 


K. 


17:37:35  for  4 seconds 

17:37:51  for  3 seconds  (intermittent) 

17:46:56  for  4 seconds  (afterburner  climb  through  30,000  feet) 
17:59:56  for  12  seconds  (1.08  Mach  descent  to  35,000  feet) 
18:14:38  for  5 seconds  (touch-and-go  landing) 
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Figure  A-4.  Presentation  Performance  During  Event  10;  Scheduled  Bank: 
85  degrees,  right;  Scheduled  g:  4g;  Altitude:  35,000  feet 
MSL;  Entry  Airspeed:  1.1 3T  Mach 
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QF-102  RECORD  FLIGHT  NO.  5 


Mission:  FG  Zulu  Time  at  Brake  Release:  20:40:58 

Profile.  QF1-IV-8  Data  Sources:  FGS  Controller,  Analyst 

Date:  6 August  1974  Notes,  Strip  Charts,  Van  Tape,  and  PCM  Tape 

This  was  a successful  record  flight  with  all  events  flown  as  scheduled.  Two  problems  of  a 
minor  nature  occurred,  but  both  may  be  attributed  to  operator  technique.  The  first  involved 
a data  loss  of  114  seconds  just  prior  to  the  programmed  maneuver.  The  forward  telemetry 
antenna  system  was  selected  throughout  the  data  loss  interval,  and  when  the  aft  telemetry  was 
finally  selected,  the  data  loss  disappeared  completely.  The  second  problem  area  concerned  the 
excessive  pitch  oscillations  encountered  during  the  recovery  sequence  from  the  programmed 
maneuver.  Approximately  30  seconds  after  the  scheduled  completion  time  of  the  programmed 
maneuver,  the  pitch  attitude  reached  32  degrees  and  the  FGS  controller  took  control  for  rec- 
overy. This  condition  was  caused  by  the  altitude  hold  function  being  set  in  the  transonic 
airspeed  regime  during  the  recovery  sequence.  Careful  attention  to  airspeed  during  presenta- 
tion recovery  should  avoid  a recurrence  of  this  nature. 


Data  Loss  Intervals: 


20:41:02 

20:46:30 

21:09:10 

21:12:56 

21:27:12 

21:27:50 

21:30:40 


for  18  seconds  (intermittent  at  takeoff) 

for  4 seconds  (intermittent  during  climb) 

for  114  seconds  (approachnig  maneuver  initiate  point) 

for  10  seconds  (intermittent  at  end  of  program  maneuver) 

for  6 seconds  (pattern  work) 

for  3 seconds  (pattern  work) 

for  40  seconds  (pattern  work) 
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Figure  A-5.  Presentation  Performance  During  Event  10;  Scheduled  Bank- 

rPc?6?665,  n9ht;  Schedu,ed  9:  3g;  Altitude:  40,000  feet 
MSL;  Entry  Airspeed:  0.94T  Mach 
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QF-102  RECORD  FLIGHT  NO.  6 


Mission;  AB  Zulu  time  at  Brake  Release:  16:02:00 

Profile;  QF2-II-9  Data  Sources:  FGS  Controller,  Analyst 

Date:  9 August  1974  Notes,  Strip  Charts,  and  PCM  Tape 

Except  for  certain  portions  of  the  programmed  maneuver  entry  sequence,  this  was  a well- 
executed  record  flight  with  negligible  data  loss.  The  ground  track  at  maneuver  initiation  was 
4 degrees  off  reference  and  maneuver  entry  airspeed  was  60  KIAS  low.  During  the  maneuver 
presentation  the  bank  was  very  steady  at  56  degrees  left,  indicating  a bias  error  in  the  dial 
setting  since  60  degrees  left  bank  was  scheduled.  All  other  autopilot  data  points  were  well 
within  SOW  tolerances  as  shown  in  Table  A-2.  It  should  also  be  noted  that  the  indicated 
altitude  on  the  low  scale  was  incorrect  when  the  FGS  was  in  control.  This  problem  seems 
to  recur  only  on  aircraft  FAD  602. 
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Figure  A-6.  Presentation  Performance  During  Event  7;  Scheduled  Bank: 
60  degrees,  left;  Altitude  Hold  On;  Altitude:  10  000  feet 
MSL;  Entry  Airspeed:  0.49T  Mach 


QF-102  RECORD  FLIGHT  NO.  7 
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Mission:  FF 
Profile:  QF2-II-10 
Date:  10  August  1974 


Zulu  Time  at  Brake  Release:  15:59:45 

Data  Sources:  FGS  Controller,  Analyst 
Notes,  Strip  Charts,  and  PCM  Tape 


This  was  an  overall  successful  record  flight  with  only  a few  minor  difficulties.  The  program- 
med maneuver  called  for  78  degrees  left  bank  with  5.5g  and  appeared  to  go  well,  but  digital 
data  subsequently  showed  the  initial  bank  angle  slightly  out  of  tolerance.  In  addition  the 
position  error  at  the  ent-y  point  was  1.2  nmi. 


Data  Loss  Intervals: 


16:00:58  for  3 seconds  (LOC  simulation) 

16:01:25  for  4 seconds  (LOC  simulation) 

16:01:40  for  4 seconds  (LOC  simulation) 

16:26:08  for  3 seconds  (pattern  work  with  MGS  in  control) 
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Figure  A-7.  Presentation  Performance  During  Event  7;  Scheduled  Bank: 
-78  degrees;  Scheduled  g:  5.5g;  Altitude:  10,000  feet 
MSL;  Entry  Airspeed:  0.88T  Mach 
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PQM-102  RECORD  FLIGHT  NO.  1,  NULLO  NO.  1 

Zulu  Time  at  Brake  Release:  13:29:15 
Data  Sources:  FGS  Controller,  Analyst 

Notes,  and  Strip  Charts 

This  flight  was  significant  in  that  a manned  aircraft  was  converted  to  a drone  and  flown 
following  a ground  checkout  only.  Unfortunately,  problems  with  the  primary  flight  control 

system  prevented  a maneuver  program  presentation  and  the  mission  must  be  considered  un- 
successful. 

After  a successful  takeoff,  the  drone  would  not  respond  to  a wings  level  command.  Roll 
command  authority  was  erratic  throughout  the  MGS/FGS  handover  sequence,  and  within  3 
minutes  of  takeoff  it  was  obvious  that  a serious  control  problem  existed.  Following  a ref- 
erence airspeed  increase  in  the  airspeed  on  throttle  mode,  the  bank  increased  to  45  degrees 
right  despite  left  turn  commands  from  the  FGS.  At  13:34:28  GMT  the  backup  flight  con- 
trol system  was  selected  and  the  drone  began  responding  properly  to  all  command  inputs. 

After  depleting  the  fuel  supply  to  yield  an  acceptable  landing  weight,  the  ground  controllers 
flew  the  drone  to  an  uneventful  landing  at  14:00:15  GMT.  Long  intervals  of  data  loss 
during  two  handoff  sequences  caused  further  apprehensions  during  the  flight,  but  this  prob- 
lem did  not  occur  at  any  other  time. 

Special  note  should  be  taken  of  the  fact  that  preflight  and  post-flight  checks  using  the  PMTS 
did  not  reveal  any  discrepancies  in  the  flight  control  system.  The  problem  could  only  be 
duplicated  when  the  artificial  feel  forces  were  increased  to  simulate  airspeeds  above  200  KIAS. 
At  these  airspeeds  a pitch  down  command  from  the  autopilot  would  not  deflect  the  elevon 
enough  to  actuate  the  automatic  pitch  trim  mechanism.  In  turn,  this  caused  excessive  stick 
forces  to  be  applied  to  the  HEP  valve  lockout  pistons  from  the  artificial  feel  system.  When 
this  force  reached  40  pounds,  the  lockout  pistons  retracted  and  transferred  control  to  mech- 
anical control  stick  inputs.  Since  the  primary  control  system  produces  electrical  commands 
only,  full  control  of  the  drone  was  achieved  only  when  the  backup  system  (which  produces 
mechanical  inputs)  was  selected  by  the  controllers.  The  problem  was  eventually  traced  to  a 
maladjusted  auto-trim  switch  that  did  not  activate  and  allow  the  trim  system  to  relieve  the 
stick  forces  from  nose-down  commands. 

The  excessive  data  loss  during  handover  could  not  be  duplicated,  but  it  is  very  likely  that 
the  loss  occurred  from  data  being  transmitted  over  the  forward  telemetry  and  aft  telemetry 
antenna  systems  simultaneously.  Normally  a relay  specifically  selects  the  antenna  system  under 
primary  control  to  transmit  data,  but  under  backup  flight  control,  it  is  possible  that  the  aft 
telemetry  system  selected  by  the  MGS  controller  and  the  forward  telemetry  system  selected 
by  the  fixed  station  controller  were  both  transmitting  data,  thus  overloading  the  system. 

When  both  stations  selected  the  forward  telemetry  system,  the  data  loss  completely  dis- 
appeared and  the  problem  did  not  reappear.  The  system  has  subsequently  been  modified 
so  that  the  PRF  generator  in  the  forward  telemetry  system  would  not  transmit  data  unless 
specifically  selected  by  the  primary  controller.  The  problem  has  not  recurred  with  this 
modification. 


Mission:  A A 
Profile:  PQM  5-1-1 
Date:  13  August  1974 
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The  results  of  this  flight  indicate  that  the  PMTS  sequence  should  be  modified  to  check 
control  authority  limits  given  different  sets  of  artificial  feel  forces  which  simulate  airspeed 
changes  in  flight.  This  would  check  flight  control  authority  in  a more  realistic  flight  environ 
ment.  Continuing  problems  associated  with  the  HEP  valve  lockout  pistons  can  be  expected 
when  a high  g loading  (above  5g)  is  scheduled  as  a maneuver  presentation.  Chances  for  a 
successful  presentation  are  increased  by  lowering  the  presentation  altitude,  increasing  the 
entry  airspeed,  and  shortening  the  high  g loading  time  interval.  These  procedures  were  pre- 
viously listed  in  the  report  on  QF  Record  Flight  No.  4,  5 August  1974, 

Data  Loss  Intervals: 

13:37:01  for  10  seconds  (under  FGS  control) 

13:54:50  for  18  seconds  (MGS  to  FGS  hand-off) 

13:56:28  for  24  seconds  (FGS  to  MGS  hand-off) 


QF-102  RECORD  FLIGHT  NO.  8 


Zulu  Time  at  Brake  Release.  17:30:25 
Data  Sources:  FGS  Controller,  Analyst 

Notes,  Strip  Charts,  and  PCM  Tape 

This  record  flight  was  marginal  due  to  aircraft  roll  performance  during  the  two-phase  pro- 
grammed maneuver.  During  the  first  presentation  the  afterburner  blew  out  and  the  FGS 
controller  discontinued  the  maneuver  due  to  low  airspeed.  The  entry  parameters  were 
evaluated  for  this  initial  presentation  and  the  performance  parameters  were  evaluated  for 
a subsequent  presentation.  The  bank  was  very  stable  during  the  two-phase  maneuver  but 
was  apparently  biased  6 degrees  to  the  right  in  both  cases.  The  g-loading  was  also  stable 
until  the  angle-of -attack  limiter  caused  a slight  g washout  at  the  termination  of  phase  two. 

A planned  inverted  recovery  was  observed  following  the  maneuver  due  to  a hiqh  pitch  anqle 
of  25  degrees. 

Data  Loss  Intervals: 

17:41:38  for  4 seconds  (35,000  feet  at  0.9  Mach) 

17:52:49  for  2 seconds  (first  presentation  attempt) 

17:55:20  for  10  seconds  (recovery  from  second  presentation) 

18:10:00  for  5 seconds  (MGS  in  control) 


Mission:  FF 

Profile:  QF2-III-9 
Date.  14  August  1974 


Angle  of  Attack 


QF-102  RECORD  FLIGHT  NO.  9 


Mission:  CB 
Profile:  QF2-1 11-10 
Date:  15  August  1974 


Zulu  Time  at  Brake  Release:  14:00:30 
Data  Sources:  FGS  Controller,  Analyst 

Notes,  Strip  Charts,  and  PCM  Tape 


The  two  phase  programmed  maneuver  did  not  perform  within  specifications  during  this  flight 
Phase  I of  the  maneuver  was  entered  at  0.87  Mach  near  45,000  feet.  The  initial  bank  sur- 
passed the  scheduled  bank  of  85  degrees  by  7 degrees  and  decreased  slowly  throughout  the 
maneuver.  The  effects  of  angle-of-attack  limiting  were  apparent  approximately  8 seconds 
after  maneuver  initiation  and  caused  a g oscillation  during  the  final  part  of  Phase  I and 
could  not  be  reached  within  SOW  tolerances.  The  scheduled  4.0g  of  Phase  II  could  not 
be  reached  within  SOW  tolerances.  Most  of  these  discrepancies  are  caused  by  the  high 
angle-of-attack  resulting  from  a subsonic  maneuver  entry  airspeed  combined  with  a high 
entry  altitude.  It  also  appears  probable  that  a bias  existed  in  the  preset  bank  angles  of 

the  maneuver  programmer  since  a right  8-degree  offset  existed  in  both  phases  of  the  pre- 
sentation. 


Data  Loss  Intervals: 

14:15:53  for  4 seconds  (cruise  at  45,000  feet) 
14:23:07  for  8 seconds  (Phase  II  of  maneuver) 
14:36:22  for  14  seconds  (mobile  control  in  pattern) 
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Figure  A-9. 
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ice  During  Event  8:  Scheduled  Bank: 

Scheduled  g:  +3g  and  +4g;  Altitude: 
y Airspeed:  0.881T  Mach 


^UIVI-IU^  ntCUnlJ  FLIGHT  No.  1 (RE-FLY) 
NULLO  NO.  2 


Mission.  FF 
Profile:  PQM5-I-1 
Date:  22  August  1974 


Zulu  Time  at  Brake  Release:  14:30:37 

Data  Sources:  FGS  Controller,  Analyst 
Notes,  Strip  Charts,  and  PCM  Tape 


This  unmanned  flight  accomplished  the  original  objectives  of  the  PQM-102  NULLO  No.  1 
flight  which  was  air  aborted  on  13  August  1974.  All  events  were  flown  as  scheduled  and 
were  within  established  tolerances. 

Takeoff  was  late  due  to  a brake  relay  failure  and  a popped  chute  during  the  countdown. 
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Figure  A-10.  Presentation  Performance  During  Event  6;  Scheduled  Bank 
60  degrees;  Scheduled  g:  2g;  Altitude:  25,000  Feet  MSL 
Entry  Airspeed:  0.86T  Mach 


PQM-102  RECORD  FLIGHT  NO.  2,  NULLO  No.  3 

Mission:  AA 
Profile:  PQM5-IV-2 
Date:  27  August  1974 

This  unmanned  flight  successfully  accomplished  its  objectives  despite  the  prevailing  poor 
weather  conditions.  The  heading  indicator  froze  at  245  degrees  after  initial  handoff  to 
the  FGS,  and  the  plotting  board  was  subsequently  used  to  confirm  ground  track.  It  is 
significant  to  note  that  if  a LOC  occurred  while  the  heading  indicator  was  frozen  at  245 
degrees,  the  aircraft  would  have  climbed  in  a constant  right  30-degree  turn  until  automatic 
destruct.  Only  one  maneuver  presentation  was  made  because  the  chase  pilot  lost  visual 
contact  with  the  drone  following  the  first  presentation  due  to  weather  conditions  Data 
loss  was  negligible  for  this  flight. 

Recovery  was  uneventful  except  for  the  barrier  engagement  when  the  drone  swerved  off 
the  runway.  The  drone  was  not  damaged  and  the  reason  for  the  mishap  is  undetermined. 


Zulu  Time  at  Brake  Release:  13:13:11 
Data  Sources:  FGS  Controller,  Analyst 
Notes,  Strip  Charts,  and  PCM  Tape 


161 

1 

I 


/ 


¥ ▼ ■ * 


Roll  Cosine 


2 Seconds 


QF-102  RECORD  FLIGHT  NO.  10 


Mission:  FH 
Profile:  QF2-NP-4 
Date:  3 September  1974 


Zulu  Time  at  Brake  Release:  21:12:52 
Data  Sources:  FGS  Controller,  Analyst 

Notes,  Strip  Charts,  and  PCM  Tape 


The  dual  purpose  of  this  flight  was  to  demonstrate  programmed  maneuvers  above  4.0g  and 
to  test  the  low  altitude  command  and  control  ability  of  the  QF-102.  Phase  II  of  the  high 
g programmed  maneuvers  was  used  to  reduce  the  g-loading  on  the  aircraft  while  maintaining 
the  original  bank  angle.  This  procedure  allows  time  for  the  trim  actuator  to  follow-up  to 
the  new  neutral  position,  and  avoids  a combined  pitch  and  roll  command  that  might  cause 
the  lockout  pistons  in  the  HEP  value  to  retract.. 

Phase  I of  both  presentations  went  well,  but  Phase  II  only  lasted  a few  seconds  before  the 
recovery  sequence  (automatic  takeoff)  was  commanded.  Tests  with  a noise  generator  after 
the  flight  verified  that  random  signals  could  cause  the  program  timer  to  reset  before  the 
scheduled  completion  time.  The  problem  is  still  under  investigation. 


The  low  altitude  portion  of  the  flight  was  accomplished  near  Northrup  Strip  at  an  airspeed 
of  400  KIAS.  Contour  lines  indicate  that  the  ground  level  in  this  area  is  approximately 
4000  feet  MSL.  Since  this  is  very  close  to  the  field  elevation  at  Holloman  Air  Force  Base, 
the  difference  between  the  radar  altitudes  on  the  runway  and  the  radar  altitude  during  the 
low-level  flight  was  used  to  determine  height  above  ground  level.  With  this  procedure,  the 
QF-102  indicated  controlled  flight  with  no  data  loss  at  an  altitude  of  348  feet  above  ground 


During  this  mission  the  smoke  system  did  not  operate.  No  explanation  is  available. 


2 Seconds 


Figure  A-12.  Presentation  Performance  During  Event  6:  Scheduled  Bank 
78  degrees,  right;  Scheduled  g:  5g;  Altitude:  15,000  feet 
MSL;  Entry  Airspeed:  0.94T  Mach 
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Figure  A-13.  Presentation  Performance  During  Event  7:  Scheduled  Bank 
80  degrees,  right;  Scheduled  g:  6g;  Altitude:  15,000  feet 
MSL;  Entry  Airspeed:  0.94T  Mach 


2 Seconds 


PQM-102  RECORD  FLIGHT  NO.  3,  NULLO  NO.  4 


Mission:  AA 

Profile:  PQM-ll-2 

Date:  4 September  1974 


Zulu  Time  at  Brake  Release:  13:46:40 

Data  Sources:  FGS  Controller,  Analyst 
Notes,  Strip  Charts,  and  PCM  Tape 


The  purpose  of  this  unmanned  flight  was  to  demonstrate  DIGIDOPS,  low  altitude  flight 

Thc  scoring  svstem  mas  — - * -S2? 

malfunction  SeC°"d  HVAR  ^ "0t  leaVe  the  rail  due  to  a "Mle 


Radar  altitude  data  showed  the  drone  at  392  feet  above  ground  level  during  the  low  altitude 
testmg.  This  figure  was  obtained  by  differencing  the  radar  altitude  on  the  runway  with  the 

duJ/  . hi  9 '°W-,eVel  flight  C°ntOUr  lineS  indicate  that  this  Procedure  intro- 
duces negligible  error  to  the  altitude  figures. 

The  first  programmed  maneuver  went  into  recovery  (automatic  takeoff)  6 seconds  after 
initiation,  and  the  second  programmed  maneuver  went  into  recovery  entering  Phase  I of 

Sr  Th:  Hank  and  g-'°ading  dUring  the  s weVre  within  Jemnces 

bq  ion  Z mo";  hT'  , Sept6mber  1974  ma""*d  flight  and  is  still  under  inves- 
'ga  '°n;,  The  m°St  probab,e  explanation  at  present  is  that  random  electrical  signals  are  re- 
setting the  maneuver  timer  and  causing  an  inadvertent  entry  to  the  recovery  sequence. 

Data  Loss  Intervals: 


14.01.28  for  2 seconds  (first  program  maneuver) 
14:07:30  for  2 seconds  (second  program  maneuver) 


Angle  of  Attack  g Roll  Cosine 


2 Seconds 


Figure  A-14,  Presentation  Performance  During  Event  6:  Scheduled  Bank- 
80  degrees,  right;  Scheduled  g:  6g;  Altitude:  15,000  feet 
MSL;  Entry  Airspeed:  0.92T  Mach 
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QF-102  RECORD  FLIGHT  NO.  11 


Mission,  FF  Zulu  Time  at  Brake  Release:  21:00:48 

Profile:  QF2-NP-5  Data  Sources:  FGS  Controller,  Analyst 

Date:  !5  September  1974  Notes,  Strip  Charts,  and  PCM  Tape 

The  goal  for  this  test  flight  was  to  prepare  for  the  maximum  altitude  flight  on  a subsequent 
NULLO  mission  and  to  demonstrate  maximum  obtainable  Mach  number. 

The  maximum  altitude  indicated  by  PCM  tape  data  was  52,053  feet.  The  chase  aircraft 
indicated  less  than  50,000  feet  pressure  altitude  at  this  time,  and  the  OAT  at  this  altitude 
was  -69.7  degrees  Centigrade.  Maximum  density  altitude  of  the  QF-102  was  computed  to 
be  51,000  feet. 

The  maximum  Mach  number  obtained  this  flight  was  1.3  Mach  as  indicated  by  PCM  data 
at  21:23:24  GMT.  The  aircraft  was  descending  at  -3350  feet  per  minute  (fpm)  through 
25,000  feet  at  the  time  of  maximum  speed.  The  SOW  goal  for  maximum  speed  is  1.35 
Mach;  this  could  not  be  reached. 

A 5.0g  maneuver  program  presentation  was  accomplished  following  the  maximum  speed 
demonstration.  Aircraft  performance  during  the  presentation  and  recovery  was  satisfactory. 
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Figure  A-16.  Presentation  Performance  During  Event  6:  Scheduled  Bar 
78  degrees;  Scheduled  g:  5g;  Altitude:  20,000  feet  MSL 
Entry  Airspeed:  0.94T  Mach 
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Mission:  AA 

Profile:  QF2-V-5 

Date:  6 September  1974 


QF-102  RECORD  FLIGHT  NO.  12 


Zulu  Time  at  Brake  Release:  23:01:34 
Data  Sources:  FGS  Controller,  Analyst 
Notes,  Strip  Charts,  and  PCM  Tape 


During  this  flight  the  aircraft  failed  to  present  a nrnnramm  ^ 

The  actual  bank  angle  was  consistently  6 degrees  hTaher  th  TfTl  within  S°W  tolerances. 
This  bank  offset  was  noticed  four  separate  timpq  Hnr-  edlded  ^)an*<  f°r  the  maneuver, 

during  previous  flights  of  aircraft  FAD  602  on  14  \ '9ht  3nd  had  been  observed 

maneuvers  demonstrating  75  degrees  of  bank  with  Tt  * f ?U,9USt  1974-  The  evaluation  of 
due  to  the  high  resulting  bank  angle  At  80  deqrees  of  h C°Uld  n0t  be  accomPl'shed 

cally  set  off  and  the  maneuver  was subtolndv Zl  h tha  altitude  h°'d  was  automati- 
rescheduled  at  a later  date.  q Y dlscontinued.  This  demonstration  will  be 


2 Seconds 


Figure  A-17.  Presentation  Performance  During  Event  6:  Scheduled  Bank 
60  and  135  degrees;  Scheduled  g:  4g;  Altitude:  29,400 
feet  MSL;  Entry  Airspeed:  0.94T  Mach 


PQM-102  RECORD  FLIGHT  NO.  4,  NULLO  NO.  5 


Mission:  AA 
Profile:  PQM4-IV-4 
Date:  10  September  1974 


Zulu  Time  at  Brake  Release:  14:07:16 
Data  Sources:  FGS  Controller,  Analyst 
Notes,  Strip  Charts,  and  PCM  Tape 


The  purpose  of  this  flight  was  to  demonstrate  the  maximum  altitude  attainable  on  a NULLO 
miss, on.  The  maximum  altitude  indicated  by  PCM  tape  data  was  56,305  feet  MSL  and  the 

SC«Unny,  °f  mc,  d3ta  iS  264  feGt  rmS'  The  maximum  altitude  indicated  by  Radar  122  was 

56,800  feet  MSL  and  56,870  feet  MSL  by  Radar  123.  The  OAT  at  this  altitude  was  -68  3 
degrees  Centigrade,  and  the  maximum  density  altitude  was  56,000  feet  MSL. 


Two  HVAR  shots  were  scheduled  for  this  mission, 
missile  malfunction. 


The  second  HVAR  failued  due  to  a 


In  addition  to  the  maximum  altitude  demonstration,  a programmed  maneuver 
phshed.  Aircraft  performance  was  within  SOW  specifications  throughout  the 


was  accom- 
maneuver. 


Data  Loss  Intervals: 


14:13:27  for  4 seconds  (following  handover  to  FGS) 


Angle  of  Attack  g Roll  Cosine 


PQM  102  RECORD  FLIGHT  NO.  5,  NULLO  NO.  6 


Mission:  A A 

Profile:  PQM6-V-5 

Date:  26  September  1974 


Zulu  Time  at  Brake  Release:  14:14:36 
Data  Sources:  FGS  Controller,  Analyst 
Notes,  Strip  Charts,  and  PCM  Tape 


This  flight  included  two  successful  HVAR  firings  for  DIGIDOPS  evaluation  and  two  AIM-9J 

firings.  These  firings  ended  the  scheduled  HVAR  firings  and  began  the  operational  phase  of 
iriG  program. 


The  programmed  maneuvers  consisted  of  two  6g  presentations.  (A  third  6g  presentation  was 
cancelled  due  to  low  fuel.)  During  each  maneuver  the  nominal  bank  was  2 to  3 degrees  low 
Th's  recurrmg  problem  concerning  incorrect  nominal  bank  angles  (reference  QF-102  Record 
Fhght  No.  12)  ,s  apparently  caused  by  a feedback  voltage  in  the  roll  attitude  circuitry  which 
shou  d be  zero  when  the  elevons  are  aligned.  If  this  voltage  is  zero  when  the  elevons  are 
misaligned  or  if  aircraft  trim  requires  slightly  misaligned  elevons  for  level  flight  an  offset 
in  bank  wiM  appear  during  maneuver  presentations.  The  offset  does  not  occur' during  non- 
programmed  flight  because  heading  hold  automatically  cancels  any  feedback  voltage  which 
exists.  A roll  error  integrator  has  been  proposed  to  correct  this  problem. 

The  high  g maneuvers  also  showed  a definite  g-overshoot  tendency  which  lasted  for  approxi- 
mately 2 seconds.  This  was  most  probably  caused  by  the  g-error  integrator,  which  sums  the 
g error  over  time  and  generates  a command  for  additional  g if  needed.  During  the  longer 
building  time  for  high  g maneuvers,  this  integrator  will  theoretically  generate  a larqe  eror 

Zil  t'r56  !emp°rary  °Vershoot'  A gate  which  eliminates  the  integrator  from  operating 
until  a certain  g force  is  attained  has  been  proposed  to  solve  this  problem. 

A range  computer  problem  delayed  takeoff. 


Data  Loss  Intervals: 


14:15:46  for  6 seconds  (following  takeoff  on  Radar  123) 
14:17:02  for  6 seconds  (initial  climbout  on  Radar  123) 

14:22:00  for  12  seconds  (following  HVAR  firings  on  Radar  122) 
14:29:22  for  10  seconds  (cruise  at  18,000  feet) 

14:35:22  for  3 seconds  (termination  of  record  presentation) 


Note:  Fixed  station  altitude  data  was  lost  at  14:49:51  GMT 
MGS  took  control  at  14:51:36  GMT. 


and  loss  persisted  until 
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Figure  A-19.  Presentation  Performance  During  Event  8:  Scheduled  Bank: 
80  degrees;  Scheduled  g:  6g;  Altitude:  18,800  feet  MSL; 
Entry  Airspeed:  0.94T  Mach 
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NULLO  NO.  7 


Mission:  A A 
Profile:  PQM4-6 
Date:  4 October  1974 


Zulu  Time  at  Brake  Release:  14:21:00 
Data  Sources:  Mission  Notes,  Strip 
Charts,  and  PCM  Tape 


b^plnV^9^  Perif°rmance  durin9  th*  Presentations  was  excellent.  A definite  q overshoot 
between  0 5g  and  1g  was  apparent.  This  has  been  noticed  previously  on  NULLO  No  5 
(4  September  1974)  and  NULLO  No.  5 (26  Seotember  1974  ° 3 

OVe^ShOC,,  i$  — 

SSS : rr! 

711™  Ver,'Cal  Vel0Ci,V  and  9 ,0ra  dUri"9  —Won.  are 


Figure  A-21.  Altitude  Oscillations  at  20,000  Feet 
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Figure  A-22. 


2 Seconds 


Presentation  Perfor^nce  During  Event  10:  Scheduled  Ba 
80  degrees;  Scheduled  g:  6.0g;  Altitude:  18  700  feet  MS 
Entry  Airspeed:  0.94  Mach  °',uu  Teet 
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NULLO  NO.  8 


Mission:  AA 
Profile:  PQM6-7 
Date:  8 October  1974 


Zulu  Time  at  Brake  Release:  14:15:11 
Data  Sources:  Mission  Notes,  Strip 
Charts,  and  PCM  Tape 


This  flight  „as  to  further  test  the  maneuver  presentation  abilities  with  the  airspeed  input 

„S,  l H U SVS,em  disC0"nec,ed  The  noise  filters  for  the  programmer  were  ato 
msta  led  for  this  mission.  Unfortunately,  bad  weather  caused  cancellation  of  the  actual 
missile  firings,  but  one  presentation  was  accomplished. 


It  is  interesting  to  note  that  there  was  only  a slight  g overshoot  which  was  hardly  notice 

Ittu*  ne3^P^raS,^n“ summary'  This  was  expected  since  the  low  Nation 

~13f°  fe®t,a"d  h,gh  entrV  airsPeed  (500  KIAS)  combined  to  shorten  g buildup 
d reduce  the  effects  of  the  g-mtegrator  (reference  PQM-102  Record  Flight  No.  7). 

The  altitude  oscillation  noticed  on  the  previous  NULLO  No.  6 flight  at  high  airspeeds  (450 

s^:^.indica,es  that  - - - --  ■ 

At  14:48:42  GMT  the  airspeed  on  pitch  mode  was  initiated  with  a 20  KIAS  error  sinnal 

IS™  pi,ch  an9le  sm°°,hly  “ 6 


Data  Loss  Intervals: 


14.46.08  for  2 seconds  (during  maneuver  presentation) 
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QF-102  RECORD  FLIGHT  NO.  13 


Mission:  FF 
Profile:  QF3-V-6 
Date:  9 October  1974 


Zulu  Time  at  Brake  Release:  16:35:10 
Data  Sources:  Mission  Notes,  Strip 
Charts,  Digital  System,  and  PCM  Tape 


The  objectives  of  this  mission  were  to  test  the  low/  altituHn 

obtain  altitude  hold  performance  data  at  75  rlpn^c  'fude  maneuver  programmer  and  to 
The  first  objective  was  not  m«  due  ?o  an  er^^  d“rl"9  ^rammed  maneuvers, 

of  altitude  hold  data  at  high  bank  angles  was  obtained  9Vr°'  bUt  8 considerabte  amount 

WM™  lorart^ude"3"^^^^?-.^'",0"'  'here  “ 8 de,i"itt 

altitude  increases,  as  shown  in  Fir*™ a-25 A 26  A 57  a aS  ,he  reference 

to  present  data  since  typical  steXs, aYe altifude ™ */28'  anti  A 29'  Plo,s  “*d 
bank  angles  Maximum  altitude  deviations  are  consiLdyTt^fsOW  !L2^Ah-i9h 
sharp  contrast  to  the  excellent  altitude  hold  performance  a,  loL^bank  angles  'S 

A o-degree  bank  oscillation  occurred  durina  thp  5Qfi  fnrst  3k„,  , , 

maneuver  for  approximately  6 seconds  Altiturip  hniri  * f gr0U^d  level  Programmed 

as  shown  by  the  plot.  °'d  Performa"ce,  however,  was  very  good 

, 0,000  ^ 

Figure  A-25.  It  appears  the  roll  in  to  7?  ! ,?P?mber  1974  and  is  presented  in 

loss,  one  which  exceeds  the  altiturip  ln««  g , ? 0 a.n^  causes  a significant  initial  altitude 
With  a bank  of  75  degre  s alre X ' ^ '"'tial  vertical  velocity  of  -3000  fpm 

controller  to  discontinue the 5 M W S'  J' ‘ a"i,Ude  'OSS  Caused  ,he  FGS 

This  Phenomenon  a>  ”:W:64  GMT. 

Data  Loss  Intervals: 

16-50-47  fnr  \ SeCOnds  ja,tjtu<je  hold  demonstrated  at  10,000  feet) 

ks  s i =a  sr;  wssrs.-. 

• saaras  :..*:.sss 
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Figure  A-25.  Presentation  Performance  During  Event  4d:  Scheduled  Bank: 
75  degrees;  Altitude  Hold  On;  Altitude:  10,000  feet  MSL; 
Entry  Airspeed:  0.74T  Mach 
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Figure  A-26.  Presentation  Performance  During  Event  11:  Scheduled  Bank- 
75  degrees;  Altitude  Hold  On;  Altitude:  1,600  feet  MSL- 
Entry  Airspeed.  0.77T  Mach 


2 Seconds 


Figure  A-27. 


Presentation  Performance  During  Event  12:  Scheduled  Bank 
5 degrees;  Altitude  Hold  On;  Altitude:  580  feet  MSL- 
Entry  Airspeed:  0.63T  Mach  ' 
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QF-102  RECORD  FLIGHT  NO.  14  (UNSUCCESSFUL) 


Mission;  FF 
Profile:  QF2-IV-7 
Date:  11  October  1974 


Zulu  Time  at  Brake  Release:  18:49:00 
Data  Sources:  Mission  Notes 


The  purpose  of  this  flight  was  to  test  the  roll-integrator  modification  made  to  the  flight 
contro  system.  F.ve  minutes  into  the  mission  it  was  obvious  that  there  was  . »rious 

nohtmrn  .h^h'"^'  'f'"3'  ““  of  ,hc  ,li9ht  con,rol  astern.  When  rolling  out  of  a 
nght  turn,  the  bank  angle  would  overshoot  up  to  25  degrees  using  the  winqS9  level  command 

The^backup  flight  control  system  was  selected  and  recovery  was  accomplished  at  19:05:06 

wm  feehteand  SaSo'fMt  indica,ed  oscillations  was  between 

uu  reet  and  bbOO  feet  on  the  low  scale.  This  recurring  and  bafflinq  problem  was  finally 

raced  to  the  encoders  in  the  aircraft  during  subsequent  ground  tests.  Apparently  the  altitude 

channel  was  not  grounded  in  the  encoder  due  to  a design  deficiency,  and  thKsld an  attf 

tude  oscillation  when  the  encoder  was  responding  to  a 320  PRF  rate  from  the  fixed  site 

interrogations.  All  encoders  will  be  modified  to  correct  this  deficiency 

Cp7dC°?M  attemutDf  VuUCCeSSfu'  rec°rd  flight  was  made  at  22:10:00  GMT  on  11  October 

autooilm  ralp  S HB  ' The  pre'!lous  roM  'nstability  was  traced  to  a possible  failure  of  the 
autopilot  rate-sensing  gyro,  and  it  was  replaced  for  the  re-fly  of  QF  REcord  Fliqht  No  14 

Immediately  after  take-off,  however,  the  lateral  axis  went  completely  unstable  and  the  diver- 
gent roll  caused  another  mission  abort.  It  is  possible  that  the  signals  from  the  autopilot 
rate-gyro  had  the  wrong  polarity,  and  the  problem  is  under  investigation.  P 

TfhencCinod.ta  t3ff  W3S  n0t  recorded  for  QF-102  Record  Flight  No.  14  or  for  the  re-flv 
the^PQMO CG^rget  System°f inal  * **  ^ 
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Figure  A-30.  Scheduled  Performance  During  Event  14:  Scheduled 
Pd  nnn  ?°tdM9cfS/  Scheduled  9 force:  4.0;  Altitude: 
Ms'cMn  ” graded)  n°'  9' h En,rv  Airspeed:  °'86T 
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Mission:  CH 
Profile:  QF1-IV-7 
Date:  7 November  1974 


QF-102  RECORD  FLIGHT  NO.  16  (SATISFACTORY) 


Zulu  Time  at  Brake  Release:  21:16:25 
Data  Sources:  Mission  Notes,  Strip 
Charts,  and  PCM  Tape 


IoeHi?:nn?ary  PurPose  of  this  final  record  flight  was  to  thoroughly  test  the  roll  intearatnr 
occurred  frequw'JJ  Snathe  ^J55 

a"d  high  bank  angles  was  also  tested  during  this 

the  dieerSent  pS  «£.“  The  maneUVer  Was  disc°",™!!d  after  41  seconds  due  to 
0^75'  degree's ' Img  Marhl^TT™'0"5  w0re  accomP|ished  at  25,000  feet  with  bank  angles 

consistently  meet  specifications  only  below  10,000  feet  MSL  The  results  o/this  fhnht 
conform  completely  with  the  conclusions  of  the  final  Wd'^. 

correct* ban^anales^riurinn"4*'08*6^  'hat  ,he  ro."  intt9rator  has  solved  the  problem  or  in- 
Significant  Data  Loss  Intervals: 


21:28:21 

21:28:32 

21:28:40 

21:30:50 

21:36:12 

21:33:00 

21:33:15 

21:39:13 

21:41:30 

21:41:50 

21:45:15 

21:43:46 

21:44:02 


for  2 seconds  (climbout) 

for  6 seconds  (climbout) 

for  2 seconds  (climbout) 

for  7 seconds  (cruise  at  45,000  feet) 

for  24  seconds  (intermittent)  (cruise  at  45,000  feet) 

for  8 seconds  (Phase  II  of  presentation) 

for  2 seconds  (recovery  from  presentation) 

for  4 seconds  (Phase  II  of  presentation) 

for  2 seconds  (Phase  II  of  presentation) 

for  4 seconds  (cruise  at  28,000  feet) 

for  2 seconds  (cruise  at  28,000  feet) 

for  10  seconds  (75-degree  right  turn  at  25,000  feet) 

tor  36  seconds  (75-degree  left  turn  at  25,000  feet) 
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Angle  of  Attack  g Roll  Cosine 


+ 10.0 


+25.0 


I I 

2 Seconds 


Figure  A 32.  Performance  During  Event  9:  Scheduled  Bank 
80  and  —76  degrees;  Scheduled  g-force:  3.0; 
Altitude:  35,000  feet  MSL;  Entry  Airspeed: 
1.15T  Mach 


vTv*  * 
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2 Seconds 


Figure  A-34.  Performance  During  Event  12:  Scheduled  Bank 
80  and  -76  degrees;  Scheduled  g-force:  3 0' 
Altitude:  27,500  feet  MSL;  Entry  Airspeed:' 
1.09T  Mach 
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TABLE  A -2.  SUMMARY  OF  QF/PQM-102  RECORD  FLIGHTS  - MANEUVER 

PROGRAMMER  (M?)  PERFORMANCE 


I 
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APPENDIX  B 


DATA  ANALYSIS  METHODOLOGY 

rrm7hfr  PU+P°56  of  data  analysis  in  this  program  is  to  determine  how  well  the  aircraft  fhqht 

these ^ estSJeSJltPserfFlSh?  nprf"9  teSt  fH9ht5  3"d  t0  estimate  future  Performance  based  on 
these  test  results  Flight  performance  data  were  recorded  using  magnetic  tape  and  strb 

chart  recorders.  The  data  reduction  procedure  depended  on  the  source  being  uSd  and  is 

described  in  the  following  paragraph.  Once  this  data  is  available,  a statistica?  analysis  usina 

confTdnencrievel.hniqUeS  W3S  accomplished  t0  estimate  future  aircraft  performance  at  a given 

1.  DATA  REDUCTION  AND  PRESENTATION 

The  techniques  used  in  obtaining  usable  flight  data  in  the  form  of  listinqs  Dlots  and 
formatted  data  tapes  were  heavily  influenced  by  the  SOW  tolerance  limits  and  bv  thp  timp 
constraints  imposed  by  the  test  program.  In  many  insVales  the fTigh™ data  Is?  be  ve  y 
accurate  to  evaluate  performance  relative  to  the  tolerance  limit,  whi?h  usually  is  expressed 
as  a max'mum  ahowab'e  deviation.  The  ten  bit  data  used  to  report  prWbnalXnnels 

WereJ.not  accurate  enough  to  allow  this  type  0Pf  evaluation  in  all 
situations  Moreover,  according  to  MIL-SPEC-9490,  the  tolerance  limit  was  allowed  to  be 
exceeded  if  the  error  oscillation  had  a damping  constant  greater  than  0 4 and  aqain  the 
downlink  data  m many  instances  were  not  sufficiently  precise  to  determine  this 

Th's  problem  was  solved  by  averaging  the  reported  data  over  the  time  interval  of  internet 
Jp^pHS°hUtthn  3t  f'rS-  566,715  self  defeat,n9  since  large  error  oscillations  would  tend  to  be  can-  ’ 
?p!pnt^Vhe  averag'nq  Pr°cess  along  with  the  data  inaccuracies.  During  most  test  intervals 
(events)  however,  the  actual  flight  performance  as  reported  by  the  safety  or  chase  Dilot  was 
very  stable.  This  was  verified  by  the  downlink  data  which  from  the  strip  chart  recorders 
appeared  as  a noise  signal  superimposed  on  a constant  value.  In  this  case  the  averaqinq 
process  would  yield  a numerical  result  which  converged  on  the  constant  value  If  osd^a 
tions  were  reported  by  the  safety  or  chase  pilot,  or  if  oscillations  were  obvious  in  ?he  "?rip 

actual  ^ght ' performance!39' Pr°Cedlire  WaS  supp"i,,’e"ttd  bv  a ^tailed  description  of 

in  II!  Vme  c°nstramts  inherent  in  a development  program  were  also  an  important  factor 
cjj9°*mg  da],a  reduction  methods.  It  was  obvious,  for  example,  that  every  performance 
capability  could  not  be  evaluated  in  all  instances  where  a command  mode  was  enqaqed  As 
a practical  alternative,  performance  was  sampled  for  a 20-  to  40-second  interval  (data  rinintl 

thp!"9  3 SC,hHdUHled  6V6nt'  and  0vera"  eva^adons  were  based  on  tKmutt  SS’ 
these  sampled  data  points.  The  strip  chart  recordings  satisfied  the  need  for  quick-look  data 
since  they  were  immediately  available  for  study  following  a test  flight.  d d 

a.  Magnetic  Tape  Digital  Data 

ik  ■ D!9‘tal  upi'.nk  and  downlink  data  were  recorded  on  a FR  1800  seven-track  taop  at 

qr5aohS2  bTh  Thp6HVt  ?a? /e-orded  are  deP'cted  in  Tables  6 and  7,  and  in  Section  IV  para- 

to  be  027  pTerLnrms  1?eferS  to^Hata^  t0  °'3  PrC6nCTnoand  was  experimental  ly  determined 
Thic  o percent  rms  (refer  to  data  summary  for  QF-102  Record  Flight  No  2 ADDendix  Al 

This  accuracy  applies  to  the  ten  bits  of  available  data  in  each  proportional  channeL  ' 
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foHowi^T  Hi5Tt.',SESS  fltahla,-,Vf  awaila.bto  1 '°  2 weeks 

second  samples):  altitude  attitude  ratp  airv'-oH  m f 9xht  lnformat,on  versus  time  (1 
roll,  heading,  and  discretes  1 through  8'  Additional  ^n^i-0^6,  !lRR/  radar  attitude,  pitch, 
available  upon  request  and  requiredaddi.iona?^ ^ Upli"k  in,°rma,i°"  «« 

rarest  during  a speeifieTtfme'Tn'tepja?  'ihe ' mitTa'  pe,f,ornl3nce  V3|“«  of  in- 

determined  by  taking  a short-term  averaae  of  thp  T valu.e  of  a fl,9ht  parameter  was 
test  event  or  data  point,  if  ^the^arameter  did  3"°-°  rt  had  stabilized  during  a 

performance  description  was  provided  in  the  analvct^'m6  dunn,9  tbe  data  P°int  a detailed 
value  was  determined,  the  average  deviation of ^ttfoarame^Tn^  the  ^ 0nce  3 nominal 
the  test  interval.  This  average  deviation  was  compa?ed  wfih  thl  ? .nom,na  . was  calculated  over 
system  compliance  with  the  SOW.  These  results  ■ tolerance  limit  to  determine 

narrative  portion  of  each  data  analyst  mTsrSt m^r^Sx 

time  were  obtainrt'^ich*  t(bank  sn9Je  and  9',orcel  ™rsus 

following  a mission  and  are  not  included  in  this  reDort  ^6re  obtamed  3 to  5 weeks 

was  to  check  the  accuracy  of  the  digital  listina  hv  nrpLn?  Primary  function  of  the  plots 
mittent,  stream  of  data.  The  plots  were  also  LefunS  rh  T-3  continuous,  rather  than  inter- 
present in  the  digital  data.  f checking  the  amount  of  parity  error 

approximately  *toVwMks°^^  the  ori9inal  magnetic  tape 

for  future  reference  if  necessary.  The  purpose  of  data  W3S  St°red  on  these  taPes 

records  which  are  specifically  adapted  for  compute^analysiT  'S  ° mamtam  comP|ete  mission 

b.  Strip  Chart  Data 

TR668ShmCpen  5w!rdeJs°f' The' "specific  data  channel  data .Jere.  ^corded  on  three  Techni-Rite 
2.b.  Although  the  primary  purpose of 'dentlf,ed  in  Section  IV,  paragraph 
they  could  be  used  Pfor  a ^o^omp^hlns^  duick-.ook  evaluations, 

cally  read  ,°sc  a led  ° ' stored  ^ ' se  t f *dfsc  re  t e°  vakjes  ^r individual  traces  were  opti- 

be  performed  on  these  values  as  described  in  paraqraoh  a o^thi'17*'  Ca^ulati°ns  could  then 
reading  was  accomplished  by  a data  reducer  nSr22h  • ! th  Appendlx-  The  optical 
calculations  were  performed  using  the  White  Sands  MisJiPmRe9rateHMi\S/tems'  and  subsecluent 
Due  to  numerous  hardware  difficulties  in 1 hS  i le  Range  UNIVAC  1108  computer, 
analysis  was  routinely  done  for  Si  eVorofile £ £'  magnet.®  taPe  astern,  this  type  of 
flights  were  analyzed  using  digital  ofanln  ln  ! ! Pn0r  to  Ju|V.1974.  All  record 

dure  as  a backup  capability.  9 9ne  IC  *ape  sVstems  with  the  above  proce- 

c.  Magnetic  Tape  Analog  Data 

analog  converters  were  recorded  o^magnetic  tape8'  Thifa0^  a-n?°9  inputs  from  the  digital 
digitalized  using  the  general  input  converter  at  thP  PmHS  ana  29  ,.^ormation  was  subsequently 
This  digital  data  is  accurate  Kin ^ and  if  FaC,‘7'  H°Moman  Air  Force  Base, 

described  in  paragraph  a.  of  this  Appendix  ThP  frnht^f3^  Can  be  used  for  tbe  ana|ysis  as 

IS  ,he  same  as  ,ha<  p™id9d  bv  the  listings  of  digil?^a  dSdXt^y^ 
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2.  STATISTICAL  ANALYSIS 

The  preceeding  discussions  have  been  concerned  with  the  reduction  and  presentation  of 
data  points  which  summarize  the  observed  flight  performance  during  testing.  The  manip- 
ulation of  this  data  in  order  to  state  conclusions  and  estimate  future  performance  is  covered 
in  this  section. 

a.  Normalized  Performance  Results 

The  SOW  performance  tolerance  limits  are  listed  m Section  III.  For  many  flight 
parameters,  the  limits  are  not  constant  but  change  with  stated  flight  conditions.  In  the 
specific  case  of  altitude  performance  above  10,000  feet,  the  tolerance  limit  continually 
changes  with  altitude  and  bank  angle.  This  functional  relationship  between  performance 
limits  and  flight  conditions  makes  it  very  difficult  to  collect  enough  data  points  for  general- 
ized conclusions  to  be  made  about  system  performance. 

In  order  to  solve  this  problem,  flight  performance  relative  to  the  tolerance  limits  was 
normalized;  that  is,  performance  deviation  during  a specified  control  mode  was  divided  by 
the  SOW  tolerance  limit  and  presented  as  a result  for  that  data  point.  For  example,  at 
11,000  feet  and  35  degrees  of  right  bank,  the  tolerance  limit  for  altitude  is  given  by 

Altitude  Limit  = (0.005)  x (11,000  feet)  + 35  feet  = 90  feet. 


If  the  magnitude  of  the  altitude  deviation  during  this  data  point  is  60  feet,  the  normalized 
performance  result  is 

60 

90  * °-67- 


Normalized  Altitude  Deviation  = 


This  result  may  also  be  expressed  as  a percentage  of  the  SOW  tolerance  limit,  and  in  the 
above  example,  the  result  would  be  67  percent.  These  normalized  results  are  available  from 
data  points  covering  a wide  range  of  flight  regimes  and  changing  tolerance  limits. 

The  question  now  arises  as  to  the  validity  of  combining  these  normalized  results 
when  analyzing  a flight  control  mode.  Two  assumptions  appear  to  be  necessary:  First, 
that  the  flight  control  mode  has  similar  operating  characteristics  over  the  flight  regimes  of 
interest.  Second,  that  the  performance  deviations  increase  linearly  with  the  tolerance  limits 
as  flight  regimes  change.  With  these  assumptions,  the  normalized  performance  deviations 
give  accurate  indications  of  system  performance  and  may  be  combined  in  analysis.  The 
number  of  data  points  available  for  analysis  thus  increases  dramatically  for  a specified  con- 
trol mode  and  allows  more  confidence  to  be  placed  in  any  statistical  conclusions  which  are 
made. 

b.  Expected  Performance  and  Confidence  Levels 

In  order  to  perform  a statistical  analysis  on  the  available  performance  data,  certain 
standard  assumptions  have  been  made.  First,  the  normalized  performance  deviations  must 
be  assumed  to  behave  as  a normally  distributed  random  variable.  Second,  if  an  infinite 
number  of  data  points  are  available,  it  is  assumed  that  the  average  performance  deviation 
is  zero.  Thus,  for  an  infinite  population  of  data  points, 

Average  Performance  Deviation  = 5T„  = 0 


One  Sigma  Performance  Deviation  = f/„ 
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deviations  during  a given  control^  apply  t0  the  Performance 

should  have  performance  deviations  within  A/  NeaHv  al|6npPferCent  of  ,al1  data  P°ints 
percent)  would  be  expected  to  be  less  than' t ?! L performa^  deviations  (99.9 
sions  could  be  made  given  the  standard  deviation  ® °f  StatiStiCa'  C°"clu- 

t/n,  canFrLmfruenddting0lntS  ^ **  Pr°9ram'  3 me8"'  Yrv  and  sample  deviation 


Xn  = i 

1 


X;  - 


N,  standard  statistical  tables  provide  the  estimpL  I the  number  of  data  points 

of  data  points,  CT,,  at  a 95  percent  confidence  lev^l.  '0"  r3"9e  f°r  80  mfin,te  number 

two  con  °tants  m|<^e  and°  iK^such  Tat'™'  ^ 8 95  percent  confide"ce  level  Provide 


a»1  > K1  "n 


(95  percent  confidence) 


< K0  U, 


(95  percent  confidence) 


Sinc€  K2  is  always  larger  than  K,.  the  worst  case  results  from  selected  ,7  , and  this  is 
actual  quantity  listed  as  the  estimated  deviation  range  for  future  flights 

worst  c'ansead3trngi«„,h(r  a^te'nu X?*?  ““f5  3,6  als°  a“ailable  <ha<  Provide  a 
- given  r/n  and  the  number  of  sample  points  N.  Specifically  the  tables 

provide  a constant,  K,  at  a confidence  level  of  90  percent  where 
3fJ”  ~ Kon  (90  percent  confidence) 

^en9  -r,)7and0,+KynU,“re  ^ P°imS  Wi"  have  a ra"3a  °<  Performance  deviation 

Table  BTT  T must^ “remembered  thTmeV”  P!r,0rmancc  data  is  '"Crated  in 
the  expected  range  SS  %£ 


-%’rf  I 
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deviation  for  a single  data  point  is  statistically  zero,  but  give  a large  group  of  data  points 
64  percent  are  expected  to  have  deviations  between  - or.  and  + . For  example,  C[.2 

fPnht^l^nnnnT  I3.616,8:1  is  79.7  percent.  If  altitude  hold  performance  during  level 
flight  below  10,000  feet  is  of  interest,  the  deviation  range  is  expected  to  be 


(0.797) 


50  feet  tolerance  = 39.8  feet  rms. 


T^oSb6f4  per?!,°nf0the  altitude  hold  data  points  will  show  altitude  deviations  between 
— oa.o  feet  and  +39.8  feet. 


TABLE  B-1.  AUTOMATIC  FLIGHT  CONTROL  PERFORMANCE:  STATISTICAL  RESULTS 


APPENDIX  C 


AGENCY  AGREEMENTS 


a,P£lndic  C?nSiStS  -?f  *hree  written  agreements  concerning  PQM-102  flight  operations 
over  the  White  Sands  Missile  Range  and  Holloman  Air  Force  Base.  Part  I is  a qeneral  aqree- 
ment  between  the  commanders  of  the  Air  Force  Special  Weapons  Center  and  White  Sands 
Missile  Range  on  safety  responsibilities  for  unmanned  flights.  Part  II  consists  of  an  opera- 
lona  procedure  which  executes  the  philosophy  stated  in  the  general  agreement  (Part  I) 

Kart  III  is  an  agreement  on  accident  accountability  between  the  Air  Force  Special  Weapons 
Center,  the  Armament  Development  and  Test  Center,  and  the  Air  Force  Contract  Management 
Division.  There  was  no  written  agreement  on  operations  between  Air  Force  Systems  Command 
and  Tactical  Air  Command. 
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PART  I RANGE  SAFETY  RESPONSIBILITY 
MEMORANDUM  OF  AGREEMENT 

1.  Purpose:  This  agreement  defines  the  organization  accepting  supervisory 

safety  responsibility  for  the  unmanned  (NULLO)  phase  of  the  PAVE  DEUCE  program 
being  conducted  at  Holloman  AFB,  New  Mexico  and  White  Sands  Missile  Range 
Now  Mexico.  6 * 


j-  : This  agreement  applies  to  all  aircraft  flights  of  unmanned  PQM-102 

drones  conducted  as  part  of  the  PAVE  DEUCE  program. 

3.  Reference: 

Interservice  Agreement  between  the  Commander,  Air  Force  Special  Weapons 
Center,  and  the  Commanding  General,  White  Sands  Missile  Range. 

4.  Policy  and  Guidance: 

a.  AFSWC  will  have  full  safety  responsibility  for  that  portion  of  the 
mission  flight  profile  where  the  drone  is  approaching  or  over  HAFB  and  outside 
le  WSMR  boundaries  or  within  WSMR  boundaries  as  defined  in  4b.  AFSWC  will 
designate  project  test  directors  (PTD)  at  the  Mobile  Ground  Station  (MGS)  and 
Fixed  Ground  Station  (FGS)  to  execute  this  responsibility  for  each  flight. 

(1)  The  AFSWC  PTD  at  the  MGS  will  be  designated  responsible: 

(a)  from  first  motion  at  take  off  until  the  drone  has  completed 
first  turn  out  of  traffic  pattern  and  is  on  heading  for  handover  box. 

. , from  the  establishment  of  final  approach  until  stop  at  completion 

of  landing. 


I 


\ 


(2)  The  AFSWC  PTD  at  the  FGS  will  be  designated  responsible  at  all  other 
times. 

(3)  The  AFSWC  PTD  will  have  authority  to  destruct  at  all  times  that 
AFSWC  is  responsible  for  safety. 

b.  WSMR  will  have  full  responsibility  for  that  portion  of  the  flight 
profile  where  the  drone  is  within  WSMR  range  boundaries  except  for  that 
portion  of  WSMR  territory  traversed  during  final  landing  approach  (to  include 
only  that  area  of  WSMR  east  of  WSTM  coordinate  line  X»572,500  and  north  of 
HAFB  and  south  of  WSTM  coordinate  line  Y«388,500.)  WSMR  will  designate  a mis- 
sile flight  surveillance  officer  (MFSO)  for  each  flight  who  will  have  full 
authority  to  destruct  the  drone  or  to  take  or  require  any  other  action  which 
in  his  determination  is  necessary  to  carry  out  the  WSMR  safety  responsibility? 

c.  While  the  drone  is  within  WSMR  range  boundaries: 

„f  Ji)*BS',r“POnSibU  AFS“C  PT0  as  <lefined  ln  4<»>  "iu  i»*u«  execution 
ot  iVbMK  MFSO  instructions. 
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(2)  The  AFSIVC  PTD  at  the  FGS  will  he  ukmri® 
transmittal  of  MFSO  instructions  to  tie  dLf coitus!”  ^ 

dcstruct  thcddTOnrinfaccordancrwith°«dit^f"Sjthe  resPonsil>le  AFSWC  PTD  may 
awaiting  MFSO  concurrence  Under  nn  pre'agreed  procedures  without 

destruct  action  wUhln'sMR  bol.HeriuhoIrS^^L"11  *he  r™  “*• 
gency  conditions  must  be  defined  >nd  „ Ut  MFS0  concurrence.  These  emer- 

»SMR  and  AFSWC  will  he  published  PHoiT?hTfirft“o2  ZZTn^bT.  *** 

swsHS  SSS  — 

procedures  win  he  published*p?i„rt  71,656 

isSSa “iTMa  ss*» 

a ssi-juss  - -> 

Of  reference ‘in  M1  b»  in  >««<“>"«  with  the  provisions 

5 . Terms  of  this  agreement: 

WSMR  L ipSwif<,C“Ve  *"  slg"ed  bF  ‘h»  Commanding  General, 

mutual  consent  y Ch,ngM  t0  the  d°cu»*"t  will  be  only  by 

through  coordination^betwee^WSMR'hational tRflth‘Sna8reement  "ay  ba  cba"«ad 

txon  Detween  W5MR  National  Range  Operations  and  AFSWC- 6535/ST. 


' fj ■&  I//} y +2A  — 

THOMAS  W.  MORGAN,  MG^JUSAF 
Commander 

Air  Force  Special  Weapons  Center 
Kirtland  Air  Force  Base,  NM 


ARTHUR  H.  SWEENEY,  Tr.  , MG7  USA 
Commander 

US  Army  White  Sands  Missile  Range 
White  Sands  Missile  Range,  NM  88002 


PART  II  - HANDOVER,  EMERGENCY,  AND  EMERGENCY  DESTRUCT 
PROCEDURES  FOR  PQM-102  MISSIONS 

1.  PQM-102  HANDOVER  PROCEDURE 

5 4f  °Vhe,Ran9e  Sa,ety  ^esPons,bility  Memorandum  of 
takeoff  and  landing  pharesTavefbeetnadeve^of^^an^arTdefinMJnhe^dnt',  T^^nDroced  ^ur'"9 

a.  Takeoff  Phase 

Step  1:  Handover  control  from  MGS  to  FGS  upon  entering  Box  A. 

Step  2:  Command  failsafe  ON  upon  entering  Box  B. 

Step  3:  Command  UHF  receiver  OFF  upon  successful  completion  of  Step  2. 

b.  Landing  Phase 

Step  1:  Command  UHF  receiver  ON  upon  entering  Box  C. 

Step  2:  Command  failsafe  OFF  upon  successful  completion. 

Step  3:  Handover  control  from  FGS  to  MGS  upon  entering  Box  D. 

Step  4:  MGS  verify  control  by  maneuver  sequence. 

Step  5:  Program  test  director  at  the  FGS  will  request  permission  to  proceed  off 

^ MS#  "ne  6'°°°  Vard!  ,ram  tha  Sa"*  Se°,f 

Step  6:  If  permission  to  proceed  off  range  is  granted  by  the  Missile  Flight  Surveil- 
lance Officer,  the  program  test  director  becomes  responsible  for  off  range  flight. 


c.  Definitions  of  boxes  are  as  follows  (all  numbers  are  WSTM): 


bcX  a.-  poin,s  p'  lx‘  533-600; 

B°x  B:  Two^mte  wMe x«“»  Point,  P2  (X  - 525,000; 

& YW° «S3w™25  HMOO;' r^oSM  POi",S  P<  'X  * 6,7'600; 

Box  D:  tyw=  ars  pr(xe",i?3OT;ii?%de4seodoSr. poin,s  Ps  lx = 529'ooo; 
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Takeoff  and  Landing  Range  Area 


r 


4 
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2.  PQM-102  EMERGENCY  PROCEDURES 


Anriomf  f d iWlth  Pafa9'‘aPh  4-e-.  °f  tha  Range  Safety  Responsibility  Memorandum  of 
if9\WhiSnc  Tm-  r®c°9n,2ed  Potential  emergency  situations  that  could  arise  during  periods 
of  White  Sands  Missile  Range  safety  responsibility  have  been  defined  and  procedures  have 
been  developed,  The  narrative  portion  herein  identifies  procedures  which  will  apply  at  all 
times  during  periods  of  White  Sands  Missile  Range  safety  responsibility.  Table  C-1  identifies 
procedures  apphcab'e  only  to  specific  portions  of  the  mission  profile.  These  procedures  may 
be  changed  only  through  prior  coordination  and  mutual  approval  of  the  White  Sands  Missde 
Range  NR-M  and  the  6585th  Test  Group  (JT).  i Si  6 


F°r  «*h  tesAt  Pr°file-  White  Sands  Missile  Range  will  identify  a safety  boundary 
specific  to  that  profile.  Avoidance  of  encroachment  of  this  boundary  by  the  drone  will  over- 
ride all  other  mission  requirements. 


Procedure:  The  drone  controller  will  take  any  flight  control  action  necessary  to  avoid 

encroachment  of  the  safety  boundary. 


The  program  test  director  at  the  FGS  will  notify  the  Missile  Safety 
Surveillance  Officer  immediately  if  the  drone  flight  pattern  is  broken 
to  avoid  safety  boundary. 


b.  In  any  instance  where  an  abnormal  flight  condition  is  detected  in  the  drone  the 
program  test  director  at  the  FGS  will  communicate  this  information  immediately  to’ the 
Missile  Flight  Surveillance  Officer. 


Officer DeStrUCtl°n  °f  ^ dr°ne  W'M  be  at  the  discretion  of  the  Missile  Flight  Surveillance 


Procedure:  Dependent  upon  situation. 


The  program  test  director  will  monitor  HEFU  Arm  indicator  for  warninq 
of  imminent  destruct  possibility. 


d.  The  MGS  will  at  all  times  maintain  failsafe  ON/OFF  command  in  same  status  as 
currently  commanded  by  the  FGS. 


Procedure:  The  program  test  director  will  verify  failsafe  system  status. 


e.  If  a fire  is  confirmed  aboard  the  drone,  placing  the  command  control  or  safety  systems 
in  imminent  jeopardy,  destruct  action  must  be  taken  immediately. 


Procedure:  Reduce  throttle. 

Command  dive. 

Command  destruct. 

If  failsafe  system  ON,  switch  all  ground  control  stations  to  track  mode. 


f.  If  drone  landing  cannot  be  accomplished  safely  at  Holloman  Air  Force  Base  with  the 
concurrence  of  the  Missile  Flight  Surveillance  Officer,  an  attempt  may  be  made  to  land  the 
drone  at  Northrup  Strip  under  the  FGS  control. 


Procedure:  The  program  test  director  will  notify  the  Missile  Flight  Surveillance 

Officer  of  the  emergency  situation  and  request  permission  for  emerqencv 
landing.  3 y 
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;f  Permission  is  granted  by  the  Missile  Flight  Surveillance  Officer  initiate 
landing  procedure. 

If  permission  is  not  granted  by  the  Missile  Flight  Surveillance  Officer  or 
if  emergency  landing  cannot  be  executed,  proceed  with  Missile  Flight 
Surveillance  Officer's  instructions  for  destruct  of  drone  over  the  White 
Sands  Missile  Range. 

g.  Loss  of  drone  position  display  at  King  I. 

Procedure:  The  program  test  director  will  immediately  obtain  drone  position  data 

from  the  MGS  and  proceed  with  the  Missile  Flight  Surveillance  Officer's 
instructions. 

h.  Loss  of  drone  position  display  at  MGS. 

Procedure:  The  program  test  director  will  notify  the  Missile  Flight  Surveillance 
Officer  immediately  and  proceed  in  accordance  with  his  instructions. 

3.  PQM-102  EMERGENCY  DESTRUCT  PROCEDURES 

In  accordance  with  paragraph  4.c.(3)  of  the  Range  Safety  Responsibility  Memorandum  of 
Agreement,  the  responsible  Air  Force  Special  Weapons  Center  program  test  director  may 
destruct  the  PQM-102  drone  within  boundaries  under  specified  emergency  conditions  without 
awaiting  the  White  Sands  Missile  Range  Missile  Flight  Surveillance  Officer's  concurrence 
These  specdied  emergency  conditions  and  the  pre-agreed  sequence  of  actions  are  defined  in 
Table  C-2.  Under  no  other  circumstances  will  the  program  test  director  take  destruct  action 
within  White  Sands  Missile  Range  boundaries  without  concurrence  of  the  Missile  Flight  Sur- 
veillance Officer.  These  procedures  may  be  changed  only  through  prior  coordination  and 
mutual  approval  of  the  White  Sands  Missile  Range  NR-M  and  the  6585th  Test  Group  (JT). 
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PART  III  PQM-102  ACCIDENT  ACCOUNTABILITY 
MEMORANDUM  OF  AGREEMENT 


^ ?1S  T?^e"t  Lhc  oVeU.aaUoo  accepting 

ti  i-mfi  uecliient/iiiciilent  accountability  Cor 

“SSilf ' ~ drones  durtos  the  phase  of  the  "Pave  Deuce” 
iogrutn  conducted  at  Holloman  AMI,  New  Mexico. 

2-  SCm’ji.  This  agreement  applies  Co  all  airenff 

"**”  th« 

3-  R’tf  FRJWUiS : 

9 July  l9V3a"rnPh  2b(13)’  AFSC  SuPPierae»t  1 to  AFR  80-14,  dated 
5 June  i97™CraPh  9c(6)(a)*  Al'sc  Supplement  1 to  AFR  127-4,  dated 

c.  Paragraphs  9c(3)  and  9c(4),  AFR  127-4,  dated  1 January  ]973 
J 7 Oc  tober  ^19  7 j17  L*tter’  ”Aircraft  Accident  Accountability,"  dated 
4-  Mi£Xj^!L^lIANCE: 

s srs 

1 m'.ident  Investigation  Boaidrif deques t^bj  thfconmande^ 

Uie  tonuuander,  ADTCJ.  ^ nut. i , AFSWC,  iim./ur 

aa  Jlonci  or  missile  mishap  occurs  AFCMD  vH  M 

error.  ruHponslb.liity  for  AI^M»  °r  contractor  personnel ’and/or  procedural 

an  aircraft,  drone,  or  missile  mishap  occurs  AFSUT  ijd  i 1 


'ill  airman,  di.me,  or  iiussi  l.e  mishap  oc-ur-  Aiiir  , , : 
•1"1  'L  1 k’uponsib  11  ity  for  del  iciencie-  in  the  , L,  * A,,l<'  W1 

the  : ; l»o . UL,J  Au  U|C  ues  f gn  approves 


11 

•d  by 
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APPENDIX  D 

PQM-102  TARGET  SYSTEM  RELOCATION 

of  the  JevelopmenWesources  were' Relocated  JV*  Holloman  Air  Force  Base,  the  majority 
at  Tyndall  A,r  Force  Base.  These  dSomeS  TlPnmary  target  sVste"  operating ^ (Son 
space  vehicles;  ground  control  equipment  for  remm!  COnslsted  of  QF'102  and  PQM-102  aerc 

onC?FPhqUIPmTQ^pares;  and  F/pQM-102  peculiar  AGE  ThT  test/ch,?ckout  equipment; 
e°au  nl6nb:Uary  1975  3nd  Was  comPleted  by  1 March  975  n major  ^location  effort  began 
equ.pment  was  prepared  and  transported'  two  POM  irw  ■ ?Ur,ng  th,s  period'  the  support 
two  QF-102  aircraft  were  ferried'  and  the  Teh  3'rcraft  were  re-manrated  and  ferried' 

operationally  verified  at  Tyndall  Air  Force  Base.  ^ SUpport  ec?u|Pment  were  setup  and 

^°ntract hMa^a'^ment ^visioT^he  A ^Defei?^  wT  ^ PQM'102  Sp0,  the  Air  Force 

The  PQM-102  SPO  provided  overall  ^ the  prime  contractor, 

the  procuring  and  funding  of  transportation  nmv/iHPP°it  for-  the  re,OCation  effort  includina 
directing  the  system  setup  and  checkout  at  TvnHa'/A9  ^lstlcs  and  engineering  support  and 
Management  Division  provided  coordination  ^ The  Air  ForcTcontract 

acted  as  the  government  on-site  representative  tn  °Ca  ^ol,oman  Air  Force  Base  support  and 
contfact  requirements.  At  Tyndal|PAir  Force  A re  manratmg  effort  ancf  other 

mentf lSrrPPOrtHnd  Pu°,ided  ^ordination  on  matter  relatf™  t^f  W?aPons  Center  arranged 
ments,  and  procedures  demonstration  for  the  taJ.  » to  facilities,  operational  reauire 

contractor  provided  the  following  support:  9 SyStem  activatl'°"'  The  pHme  system  9 

a.  Prepared  an  inventory  of  all  equipment  to  be  relocated. 

b.  Took  down  and  prepared  equipment  for  shipment. 

equipment.  °rated  selec,ed  «fd'Pment  including  the  MGS  and  various  RF  laboratory 

d.  Assisted  in  the  loading/unloading  of  transportation  vehicles. 

a.  Unpacked,  setup,  and  operationally  checked  the  relocated  equipment, 
f.  Coordinated  with  the  PQM-102  Qpn  „ 

tions  to  re-manrate  the  PQM-102  aircraft.  Procedures  and  prepared  modification  instruc- 
9-  Re-manrated  the  PQM-102  aircraft. 

Tyndall  Wrc:1aSried  QF/PQM1°2  ai™ft  Holloman  Air  Force  Base  to 

System  interfaceVith  STTaT  F^rce"  bT^*'0™’  Pla"  t0  verify  the  PQM'102  Target 

efforts  ^ uTn g" thTrd ocatlo n . 9°Vemment  a9encies  to  interface  contractor  and  government 

(1)  e q u ip ment  Tepa°aTi oT and* ^ ran spo r tab oTTnd  * 7 °rfnized  int0  functional  areas' 

synopsis  of  these  tasks  is  as  follows:  ' d (2)  a,rcraft  PreParation  and  ferry.  A brief 
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a.  The  major  portion  of  equipment  preparation  was  the  disassembly  and  securing  of  the 
larger  items  including  the  non-power  AGE,  the  external  antennas  and  consoles  on  the  MGS, 
and  the  system  test  benches  and  related  equipment  in  the  RF  laboratory.  In  addition,  the' 
bits  and  pieces  of  spare  materials  and  equipment  in  the  contractor's  supply  area  required 
packing  and  crating  by  government  provided  support.  The  total  time  required  to  prepare 
the  equipment  was  approximately  10  work  days. 

b.  To  transport  the  equipment,  requests  were  submitted  for  opportune  airlift  on  C 130 
aircraft  through  the  Air  Force  Reserve.  Due  to  the  general  non-availability  of  opportune  air- 
lift support,  only  one  load  of  equipment  was  transported  by  C-130  aircraft.  The  remaining 
equipment  was  transported  by  surface  shipment  which  included  four  electronic  van  and  four 
flatbed  truck  loads.  The  average  intransit  time  to  transport  the  equipment  was  three  days. 

The  total  transportation  cost  for  the  relocation  of  equipment  to  Tyndall  Air  Force  Base  was 
approximately  $14,000,  with  the  electronic  vans  costing  approximately  $2,200  per  load,  and 
the  flatbed  trucks  costing  approximately  $1,300  per  load. 

c.  To  re-manrate  the  PQM-102  aircraft,  the  following  general  tasks  were  accomplished: 

i 

(1)  The  FCSS  pallet  was  removed. 

(2)  Provisions  for  emergency  and  normal  landing  gear  systems  were  installed. 

(3)  The  ran  air  turbine,  control  stick,  seat  and  egress  system,  and  flight  and 
navigational  instruments  were  reinstalled. 

(4)  Miscellaneous  drone  peculiar  hardware  were  secured  and  the  cockpit  cabin 
was  sealed  for  pressurization. 

(5)  Various  affected  aircraft  systems  were  operationally  checked  in  accordance 
with  standard  F-102  Technical  Orders  and  an  abbreviated  functional  check  flight  was 
completed  on  both  PQM  102  aircraft. 

h 

The  above  tasks  required  approximately  260  manhours  per  aircraft  and  were  completed  in 
1 1 work  days. 

d.  The  two  QF-102  aircraft,  FAD  602  and  FAD  603,  were  ferried  on  6 February  1975 
and  the  two  PQM-102  aircraft,  FAD  605  and  FAD  608,  were  ferried  on  19  February  1975. 

The  ferry  flights  were  accomplished  without  incident  and  all  aircraft  arrived  at  Tyndall  Air 
Force  Base  in  commission. 

4.  The  operational  verification  at  Tyndall  Air  Force  Base  began  on  18  February  1975  with 
formal  transition  of  target  system  to  the  Air  Defense  Center  on  1 April  1975. 


APPENDIX  E 

FINAL  TEST  REPORT  OF  QF/PQM-102,  PROJECT  PAVE  DEUCE 

development  test  top^gene^  results,  remaining 

Project  PAVE  DEUCE  and  its  sunnnrtiup  effort*  i ^2  aircraft  performance  summary, 
proficiency  flights  a grand  total  of  287  flinhtc  uuC  °S^  °n  3 January  1975.  Including  pilot 
eluding  23  NULLO  flighs  Du  inq  ?he  I MS  Nm  m™"  3'  H°",°,nnan  Air  Force  Base in- 
HVAR  firings,  were  inched,  ThS 

1.  OPERATIONAL  RESULTS 

statistic  ifiheTa  missileffifed  pe^ichedul^PQM-t  TablT'E  3^  m°t\  si9nific"nt 

only  to  the  PQM-102  missions.  m,ss,on•  Table  E-3  cancellations  refer 
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flying  at  Holloman  AirVo^rceBa^  Th^fttst  was'  the  luc  (31f  January.  19y5>  of  operational 
FAD  607;  the  second  was  the  successful  laumlT^r  PQMTlS^Afi^Ki"9  '♦linCh«of  PQM102, 
the  third  was  the  unsuccessful  recovery  of  PQM-102,  FAD  601 at  Heilman Air To"™*™ 

Base  for  PQM-102, 9FADh607S  ^he^d  rolled  f"[st  fl'9J]t  at  Hol|oman  Air  Force 

first  target  presentation  exactly  as  ulanneH  weM  and  provided  a maneuver  for  the 

the  first  hoi  firing  and waffe, raved ' ' d,0ne  W8S  h,t  bv  ,he  AIM  9L  ■>" 

tionai  in"iS.Ue  ,he  u"f>re“da"<«i  opera- 

early  in  the  flight,  the  drone  successfully  acmmnl,S  h mm°r  9yr°  comPass  Problem  evolved 
missile  firing  resulted  in  damare to  the  ^“cTsSl^rJ  S'9!!  dresen!a'i<™-  The  second 
•tollable  and  recovered  at  Holtoman  lilr Tome  Base  dr°ne'  The  drone  was  con‘ 

not  have  been  accomplished  under  the nS  f?  t°f  °i  aft®rr!00.n  missions  which  could 
restriction  definitely  added  flexibility  ttfranap  JhpHi'fr"19  ^ f’  De  etmg  the  closed  monument 
final  day  of  operation,  permitted  max  mum  a"d'as  Was  dem°nstrated  on  the 

in  a single  day.  P na  caPat>| I Hies  by  allowing  two  launches 

2.  DEVE'  OPMENT  TEST  TASKS 
a.  PQM-102  Mission  Evaluations; 

the  tar^nt"^;^  Compete  K^dT  VT"*  * ,ha  ™>™ d -to 

flight.  No  attempt  was  made  to  See'  or  evaluate  anv^l  S'r'P  data  were  recorde<l  ,or 
with  a strip  chart  of  the  drone's  performance  durinn  thl  d3t3  except  t0  P|0v.,de  the  shooters 
all  target  presentation  missions  were  satisfactory  Ifrn  the  Presentation  and  missile  launch.  As 

ance),  only  qualitative  observations  were  recorded  Hen!?  T3^?’?  i°f  the  PQM'102  Perform- 
comments  relative  to  the  PQM-102  ZZSX 
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TABLE  E-1.  AIM  TESTING:  RESULTS  TO  DATE 


TABLE  E-2.  PAVE  DEUCE  SCOREBOARD 


Missile 

AIM-9J 

AIM-9L 

AIM-7E-3 

Totals: 


PQM-102  Missions 

Results  ’ 

Scheduled 

Flown 

Fired 

Hit 

Kill 

14 

11 

21 

2 

1 

7 

6 

8 

4 

3 

3 

1 

2 

0 

0 

24 

18 

31 

6 

4 

TABLE  E-3.  CANCELLATIONS 


Date 

Missile 

Contractor 

Weather 

Comments 

1 Oct  74 

AIM-9J 

X 

HEFU 

8 Oct  74 

AIM-9J 

X 

4 Dec  74 

AIM-7E-3 

X 

Both  failed 
checkout 

5 Dec  74 

AIM-7E-3 

X 

Both  failed 
checkout 

22  Jan  75 

AIM-9J 

X 

29  Jan  75 

AIM-9L 

X 

Totals: 

3 

3 
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TABLE  E-4.  PQM-102  MISSION  EVALUATION 
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TABLE  E-4.  PQM-102  MISSION  EVALUATION  (CONCLUDED) 


I 
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redundan'v  should  provide  the  necessary  safety  margin  for  a reliable  and  efficient  tar*t 


b.  Evaluation  of  LAMP  Systems  with  FGS  in  Control: 


near  No1'r';hrupAS.PriDVS,QFS102l M?  °"  a cap,i''e  fli9ht  23  January  1975 

and  the  ^emfMrature  ^ ^ *"  d~-  "°  tufbul^ 

designed°as  The  *s,m  » 


Maneuver  One:  Radar  Altitude 


Airspeed 
Degree  Roll 
Descend  to 
For  Seconds 
Up  Pitch 


Planned 

0.8M 
0 degree 
500  feet  AGL 
30 

+30  degrees 


Maneuver  Two:  Barometric  Altitude 


Airspeed 
Degree  Roll 
Descend  to 
For  Seconds 
Up  Pitch 


Planned 

0.8M 
0 degree 
4600  feet  AGL 
30 

+30  degrees 


Actual 

0.79M 
0 degree 
485  feet  AGL 
30 

+28  degrees 


Actual 

0.78M 
0 degree 
4500  feet  AGL 
30 

+28  degrees 


In  summary,  the  LAMP  systems  work  completely  satisfactory  under  FGS  control, 
c.  Nose  Wheel  Steering  Modification: 

evident1^aHy^nit^l?T&Erp^I^r^^oH^^n^?r^ForceSBaseeeTheeoriaina[Srem  ^ecame 

^angra  greatermtta  "o'deoS  C0n,r0'  authori,V  taring  taxi  such  that  Kng°" 

ss  •“  H ?r 

^sSsStt^jsSsSsaS^ 

modified  circuit  configuration  was  incorporated  into  two  QF-102  aircraft  for  Evaluation 


/ 


! 

I 


?iinh  tLt  rem0tw  n0se,  Wheel  steerin9  control  was  evident  in  both  aircraft  Taxi  tests  and 
fl  ght  tests  were  conducted  on  both  aircraft  to  insure  that  skid  commands  in  the  land fna/take 

abnormal  fllnh^n  afdversely  affect  fl,9ht  performance  in  the  takeoff  and  landing  phase  N^ 
hpttPr  f 9hu  Performance  was  noted  for  either  aircraft  although  taxi  tests  revealed  sliahtlv 
“ r9  response  from  one  aircraft  than  demonstrated  by  the  other  Thic 

nose  s^inTSToMhe  ^3™*,’°  bC  ,e!U"  °’  di’,erences  inhere">  in 

d.  Evaluation  of  8g  Maneuver: 

hilitv  vJiilf  PT&E  S0W  called  for  tt'e  PQM'102  aircraft  to  demonstrate  an  8g  (±0  5u)  capa- 
IOT&E  FlinSrS'71  ,0versh001tl.0^  ^ This  capability  was  demonstrated  during  the  AIM-9L 
3°  January  1§75  **"*  ° " 15  1975'  30  January  1975-  ™d  two  sorties  on 

Two  techniques  were  used:  For  low  aspect  angle  shots,  the  maneuver  Dmarammpr 

th^^nn^  3n  ,im™ediate  builduP  to  8g.  For  medium  to  high  aspect  angle  shots9  (qreater 
fannrh°  ' the  maneuver  programmer  was  set  to  hold  5g  until  just9before  missile 

amT  the  ^ ^ ^ 

^teh'y  «“*»"*  were  "required 'io5  reach  8*  ^erm Smn'was  caused™  ^^ron^hit  T"'' 
the  high  aspect  case,  22  seconds  of  5g  turn  with  buildup  are  shown  (the  programmed  value) 
The  drone  then  increased  its  bank,  where  10  seconds  of  stable  8g  were  deZmS. 

ck not  anri+hn°Rnjn  b?th  Cases'  the  S^Stem  demonstrated  an  excellent  8g  capability.  Over- 
shoot  and  -0.5g  deviation  appear  to  be  within  specifications  although  the  trace  is  quite  noisv 
All  the  aoove  results  were  substantiated  by  the  other  presentations  The  on^possibl^Drob^ 
lem  is  performance  at  medium  altitudes.  All  flights  except  one  took  pface  below  85nnPfPPt 
MSL.  The  one  8g  presentation  above  8500  feet  (20,000  Pfee7w^ 

e.  DPN-82  Transponder  Evaluation: 

nrnhipJchL°bjlCtive  ^ tc\  evaluate  the  DPN-82  transponder  for  EMI/EMC.  No  EMI  related 
p blems  have  been  observed  on  the  NULLO  missions  flown  to  date  Operation  of  the  DPN 
82  was  verified  on  several  NULLO  flights.  Contact  with  Holloman  Air Force Base RAPr™ 

ttst'CeTutmenrte^bta1nTk  ^h3'  ,r°m  ,he  DPN-82  in  e3ch  «*■  Recommend  ground 
quipment  be  obtained  in  order  to  insure  proper  operation  of  the  DPN-82. 


f. 


Evaluation  of  FGS  Control  over  South  End  of  White  Sands  Missile  Range. 


__  Data  was  requested  to  evaluate  the  ability  of  the  FGS  to  rnntrnl  a 

sssHsa; as*-**  «««=» * & 

QF-102  Aircraft,  FAD  603 

FPS-16  Radars  R-122D/123D  Control,  R-113D  Skin  Track 
No  MGS;  FGS  fully  operative 
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Objective;  Fly  multiple  tracks  on  a north  to  south  run-in  to  LC-34  intercept  area 
at  700,  500,  and  200  feet  AGL  and  ascertain  position  and  time  of  all  LOC  and  data  loss. 
The  White  Sands  Missile  Range  X— Y plot  was  to  be  annotated  when  either  or  both  control 
radars  lost  control,  track,  or  data. 

Flight  Conditions:  Date  - 12  December  1974;  Technical  Order  - 1440L;  Weather  - 
clear;  Temperature  - +53  degrees  Fahrenheit. 

Mission  Comments:  After  manual  takeoff  by  the  safety  pilot,  the  aircraft  made  two 
orbits  of  Northrup  Strip  to  enable  the  radars  to  acquire  and  lock -on.  After  acquisition  the 
runs  began: 

Run  1:  700  feet  AGL;  data  and  control  remained  solid.  At  7 to  9 nmi  from  the 
intercept  point,  track  became  unsteady,  R-122  lost  data,  and  the  run  was  terminated. 

Run  2:  500  feet  AGL;  data,  control,  and  track  remained  solid. 

Run  3:  200  feet  AGL;  again,  solid  data,  control,  and  track. 

Run  4:  Sufficient  time  and  fuel  enabled  a fourth  run.  The  track  was  moved  west 
to  determine  any  interference  of  the  ridge  line  or  mountains;  350  feet  AGL;  again, 
solid  data,  control,  and  track. 

Conclusions:  Run  1 was  prematurely  terminated.  Data  was  lost  on  R-122  because 
the  radar  operator  did  not  follow  the  drone.  On  subsequent  runs,  both  operations  followed 
the  drone  at  all  times. 

Both  control  radars  appear  satisfactory  for  presentation  purposes,  given  a down-range 
radar  is  available  for  skin  track. 

Any  proposed  low-level  track  should  be  planned  and  test-flown  to  assure  that  no 
ground  towers  would  impair  a safe  operation. 

3.  GENERAL  COMMENTS 

a.  UHF  Communications  at  King  I 

UHF  communications  at  King  I presented  the  worst  problem  and  the  one  which 
occurred  most  frequently  throughout  the  Holloman  Air  Force  Base/White  Sands  Missile 
Range  phases.  Several  letters,  detailing  the  instances  and  nature  of  the  difficulties,  have 
been  sent  to  White  Sands  Missile  Range.  Any  future  plans  for  PQM-102  missions  at  White 
Sands  Missile  Range  must  take  into  consideration  the  limited  capability  of  King  I for  UHF 
communications. 

b.  QF-102  Operations  During  Operational  Phase 

Contractor  maintenance  support  deteriorated  to  the  point  that  QF-102  aircraft  use 
for  shooter  captive  flights  was  unsatisfactory  and  unreliable.  At  least  three  captive  flights 
had  to  be  flown  using  F-4  shooter  aircraft  as  the  target.  Future  PQM-102  aircraft  use 
should  consider  QF-102  aircraft  support  as  integral  to  the  system's  suceess. 

4.  QF/PQM-102  TARGET  SYSTEM  OVERALL  PERFORMANCE  SUMMARY 

The  QF/PQM-102  Target  System  overall  performance  data  is  presented  in  Table  E-5. 
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TABLE  E-5.  QF/PQM  102  TARGET  SYSTEM  OVERALL  PERFORMANCE  SUMMARY,  IOT&E  FLIGHTS  - NULLOS 
3 THROUGH  23  (1  NOVEMBER  1974  THROUGH  31  JANUARY  1975)  CONCLUDED 


560  0.97  8 83  One  AIM-9L  launched/hit.  Target 

destroyed  upon  recovery  at  Holloman 
Air  Force  Base. 


fc-bi 


I appendix  f 
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I 

SAMPLE  48-HOUR  FLIGHT  TEST  PLAN 
FOR  QF/PQM-102  AIRCRAFT 


* 

j 

f 


I 

i 


s 


/ 


i-~Tm 


flight  Nc.  Q F 2 'T-  9 

(k£c  o*  p j 

Aircraft  Serial  Humber 
Alternate  Aircraft  Ho. 
Chose  Aircraft  No. 
Mission  Commander  W'ooD 


Profile^  OSS  £ (A) 

L$JL  7 CollSlgw  Lit  rot  Q%» 

Call  Sign 

Call  Sign  


Safety  Pilot  P B A ft  C F 
Chaaa  Pilot 

MCS  Elevator  Station  Pa  /?  K ER 
tudder  Station  Gr  t 0 Ft  Sr  S' 
Radar  Operator  \slLK/S/r. S 


Mission  Briefer  PAR KER/TorreA 

Briefing  Time  Q*jOO  f Z 9 Suly  7 1 
Tima  Date 


Takeoff 

Scheduled 


/foot  7j 

Time  Date 


Sperry  Engineer  "7~ O AS  /-!£./ S'! 

AF  Representative  <T"H 

PCS  Control  Position  1 “T°T  T F.V 

Control  Position  2 W OS) J) 

Af  Representative  /->V\  i C.7 f A 

Objectives: 


Actual 


//SI  / cl?3>UY7  s 

Tine  Dete 


e 


Remote  Takeoff  and 
Landing 

Control  Transfer 
UK  Sequence  Above 
Lower  Reference  Alt. 
Aivspeed  and  Mach 
Hold  During  Climb 
Pitch,  Roll,  and 
Altitude  Hold  in  Turns 
Single-Phase  Programmed 
Maneuver 

Heading,  Altitude,  Airspeed, 
and  Mach  Hold  ' 


APPROVALS: 


CoedMaated  with  KTO 

Date 


133*0 


Time 
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INITIAL  DISTRIBUTION 


DDC  2 

USAF/XOOFA  2 

USAF/RDPA  1 

USAF/RDPQ  1 

Sperry  Flight  Systems  8 

AFSC/SDWA  2 

AFSC/DOS  2 

WSMR/STEWS-TE-HM  4 

AFCMD/FO  2 

AFCMD/OL/CC  2 

AL/AMSMI-TM  3 

AF  IG/SE  2 

ADWC/TEU  4 

ADWC/LGW  2 

DCASD,  Phoenix  2 

Det  2,  AFCMC  2 

TAC/DRA  1 

ASD/SD  1 

ASD/MMES  1 

AFFDL/FGD  2 

ADC/DOV  2 

ADC/SE  1 

AFTEC/TE  2 

6585  Test  Gp/XO  8 

TAC/DRR  1 

San  Antonio  ALC/MMCO  4 

Oklahoma  City  ALC/MMEMH  2 

National  Guard  Bureau/XOO  2 

AU  L/AU  L-LSE-70-239  1 

AFSC/IGF  2 

ADTC/SD  2 

TAWC/TEFA  4 

ADTC/SD102  25 

AFATL/DLOSL  2 

AFATL/DLM  4 

ADTC/TGO  1 

ADTC/TG  1 

ADTC/TS  2 

ADTC/CS  1 

3201  ABG/HO  1 


